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New coronary vasodilator 
for the maintenance treatment 


of angina pectoris 


& 


(ff 


(3-methylchromone) 


“. ..a non toxic product which, in our opinion, is 


more active than other anti-angina preparations 


advocated to date.” 
(Stas, R., Rev. Méd. Lidge., 1957, 12, 157) 


CRODIMYL TABLETS _ to improve exercise tolerance and 
to reduce frequency of attacks 
1-2 tablets three times daily for as 


long as required. 


RODIMYL INJECTION for postinfarction pain 


1-2 ampoules, if necessary repeated 


after 6 hours, daily for up to eight 


days, followed by the Tablets. 


Crodimyl is free from side-effects and can be used over long periods. 


PACKINGS 
ROUNSEL Tablets of 100 mg. Bottles of 20. 
Ampoules of 100 mg. in 2 ml. Boxes of 6. 


LONDON, N.W.10 
LADbroke 6611 
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Why has Lucozade a very special attraction for Lucozade is lightly car- 
bonated with anattractive 
golden colour and a 
refreshing flavour and fragrance, qualities that pleasant citrus flavour. 
It contains 23.5% w/v 
Liquid Glucose B.P., and 
sparkle and the glucose content ensure equally its energy value is 21 
calories per fluid ounce. 
Itis supplied in 6 oz. and 
acceptance by the patient. 26 oz. bottles. 


LUCOZADE 


the patient? The answer lies in its remarkably 


baffle precise description. The colour, the 


its recommendation by the doctor and its ready 
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BRAND OF THIOPROPAZATE DIHYDROCHLORIDE 


Dartalan provides easier control of psychoses, 

neuroses and anxiety states. It is safe, well tolerated, In the psychoses : 

and gives consistently effective results with low 10 mg. three times daily 

dosage. In the neuroses : 

Side effects are minimal. (In specially designed studies | * ™ “hres times cally 

and clinical trials in 727 patients, no liver toxicity ; 

was reported.) 5 mg. and 10 mg. tablets 
in bottles of 50 and 500. 

Dartalan relaxes the disturbed mind and invests the 

patient with a sense of well-being and normality. *Registered Trade Mark 


| SEARLE G. D. SEARLE & CO. LTD., High Wycombe, Bucks. Tel. : High Wycombe 1770 
DA: P88 
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UNIQUE BUFFERED THEOPHYLLINE SYRUP 


Relief from the apprehension and acute distress of 
an asthmatic attack is provided by ‘ENGLATE.’ 
In almost all cases gastrointestinal disturbance is 
entirely absent. The combination of theophylline 
sodium with glycine permits full and effective thera- 
peutic activity and by reducing gastric precipitatior 
of theophylline enables larger doses to be prescribed. 


Trade Ma’k Theophylline Sodium Glycinate 


SYRUP (containing 120 mg. of theo- 
phylline sodium glycinate per 4 ml.) for 
children up to 12 years. Available in 
Samples and literature will bottles of 8 fluid ounces. 
gladly be sent on request TABLETS (300 mg. of theophylline 
sodium glycinate). Available in bottles 
of 50 and 500. 


Lys Aspro-Nicholas Ltd. Slough, Bucks, England 
alll 


(Ethical Pharmaceutical Division) 
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PREDICTABLE ANTACID THERAPY 


ie 


rapidly relieves gastric pain 
safely buffers excess acid 
non-alkalising 

non-constipating 

stable, consistent and predictable 


Prodexin tablets sucked regularly provide continuous buffering of gastric acid at about pH 4, 
in the face of widely differing acidities and irrespective of the rate of emptying of the 
stomach. Prodexin does not make the stomach alkaline and does not stimulate compensatory 
secretion of acid. The tablets are pleasant to take, non-gritty and non-constipating. 


PRODEXIN Cartons of 30 singly 

Each Prodexin tablet contains : wrapped tablets, 

Aluminium giycinase Di as 


N.H.S. cost 2 '3/4d.) 


BENCARD LTD.- PARK ROYAL - LONDON N.W.IC 
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Frankly, the ‘‘cold hands and feet” test is only the 
beginning of the Vasculit story. Practitioners who have 
performed it and personally verified the Vasculit claim 
of immediate activity and absence of side-effects are 


in a position to considerably widen their field of 
observation, Clinical evidence shows that Vasculit can 
be prescribed with marked benefit in the following 
other conditions: 


Vasomotor dysfunctions: Acrocyanosis. Chilblains. 
Vascular diseases: Raynaud's disease. Buerger’s disease. Peripheral arteriosclerosis. 
Local ischaemic lesions: Gravitational leq ulcers. Bedsores. 


HAEMOKINESIS is achieved by an improvement in 
cardiac efficiency, associated with an increase in stroke 
volume, and an opening up of the peripheral arterioles. 
There is no significent lowering of blood pressure, no 
change in the heart rate. 


PRESENTATION, Vasculit is available both in drop 
and tablet form. 

The dropper bottle permits 
dosage to suit the varying 
patients. 


precise and _ flexible 
needs of individual 


REFERENCES. Hartenback, W., (1953), Dtsch. med. Wachr., 78, 1061. Deutsch, E., Ellegast, E., and Hofmann-Credner, D., 
(1954). Wien. klin. Wechr., 66, 743. Hauss, W. H., and Kreuziger, H., (1951), Wien. med. Wechr., 101, 544. Bernaschek, W., 


Registered proprietors of the Trade Mark. 


(1956), Arch. Orthop. Unfallehir., 48, 209. Gutschmidt, C., (1953) Hautarzt, 4, 78. 


sulphate, 


Manufactured and distributed in the U.K. by Pfizer Ltd., Folkestone, Kent, for 
Cc. H. BOEHRINGER SOHN, INGELHEIM am RHEIN 


* Regd. Trade Mark. 
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when immediate control 
1s imperative 


in nausea and vomiting .. . 
and in acute psychotic episodes . . . 


PERPHENAZINE 


Fentazin is an unusually effective psycho-therapeutic and anti- 
emetic agent. When intensive and rapid treatment is needed, 
Fentazin may be given parenterally. Fentazin Injection has impor- 
tant clinical advantages. 
rapid response It is normally effective within ten minutes of injection: maximum 
. c effect is produced within one or two hours. Significant hypotension 
fewer hypotensive effects is Very rare —an important advantage in pregnant women, elderly 
? patients, and surgical cases. Fentazin Injection can be administered 
freedom from pain slowly by deep intramuscular injection, without causing pain or 


distressing local reactions. 


virtual freedom from swith oral Fentazin, side-effects are minimal. 


dopo tte Fentazin Injection contains 5 mg. perphenazine in each one cc. 
side effects Ampoules of I cc. in boxes of 5 and 100 (5 x 20). 


ALLEN & HANBURYS LTD LONDON E2 ‘Fentazin’ is a Trade Mark 
AH6O 
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One twentieth 
the incidence 
of major toxic reactions 


encountered with 
methylthiouracil 


PRESENTATION the anti-thyroid drug of choice 


Neo-Mercazole is available 
as tablets, each containing 
5 mg. carbimazole. 


Containers of 100 and 500. 


We shall be pieased to supply further information on request 
BRITISH SCHERING LTD., 229-233 Kensington High St.. London W.8. tel: Western 8111 
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E.R.SQUIBB&SONSLTD. 
17/18 OLD BOND STREET, LONDON W.I. 


Nystatin . . . first tested and clinically confirmed by Squibb 
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Extract from the American Journal of Gastroenterology (1957), 28, 439. 


“The medication investigated is known as Roter tablets... The dosage employed in the 
treatment of gastric or duodenal ulcer was 2 tablets, taken three times a day with tepid 
water immediately after meals . . . this therapy is applicable to ambulatory patients.” 


SUMMARY 


“In a series of 155 cases of peptic ulcer treated with . . . (Roter) tablets 
for three to six weeks, there was immediate relief of pain in 92 per cent of 
cases and roentgenological healing of the ulcer in 8! per cent. The average 
weight gain was 7.9 Ibs. and occult blood disappeared from the stools in 
all of the six cases in which it was found. 

“The benefit provided by the medication is attributed to the minute 
particulation of the bismuth subnitrate, produced by a special process of 
trituration in association with a synergistic antacid combination. 

“The special features of this medication are immediate and prolonged 
relief of pain, correction of gastric hyperacidity, absence of side reactions, 
effectiveness for ambulatory patients, and early healing of the ulcer in 
most cases. 

‘There was no acid rebound in therapeutic dosage and no adverse effects 
were reported.” 


PACKINGS : Tins of 40, 120, 640 and dis- 
pensing size 720 (P.T. exempt). Basic N.H.S. 
price: |/- for 10 tablets. 


ROTER may be prescribed on E.C.10 forms. Literature and samples on request. 


F.A.I.R. LABORATORIES (SALES) LTD - TWICKENHAM - MIDDLESEX 
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THE GREAT ADVANTAGE of Codis is that it provides a codeine compound 
tablet in which the aspirin content is soluble in water. (The codeine 
constituent is also soluble, and the phenacetin is in very fine suspension. ) 

This is achieved by careful compounding and preparation, resulting in 
tablets which are quickly absorbed and well tolerated—even in cases of 
proven intolerance to ordinary (insoluble) aspirin. 

To ensure stability and easy identification, the tablets are wrapped in 
moisture-proof distinctive gold foils of 10 tablets each (dispensing size), 
or boxes containing five foils of 4 tablets each (public size). 


CODIS reco. AVAILABLE FOR DISPENSING 


Not advertised to the public 


Composition. Each Codis tablet contains: Acid. Acetylsalicyl. B.P. 4 gr., Phenacet. B.P. 4 gr., Codein. Phosph. B.P. 0.125 gr., Cale. Carb. 
B.P. 1.2 g7., Acid. Cit. BP. (exsic.) 0.4 gr. 


For clinical samples and literature, please write to Reckitt & Sons Ltd., Pharmaceutical Dept., Hull 
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in the treatment of 


‘*DEGRANOL’ 


MANNOMUSTINE (B.C.M) 


malignant disease 


*‘DEGRANOL/’ is a new cytostatic 
agent first prepared by 

Prof. L. Vargha of Hungary 
Composition 

1, 6-bis (beta chloroethylamino)-1, 
6 desoxy-D-mannitol- 
dihydrochloride. 


Indications 
Extensive clinical trials with 
*‘DEGRANOL!’ have yielded very 
favourable results in the treatment 
of malignant disease of the 
haemopoietic and lymphatic systems. 
It may be also administered before 
and after surgical treatment to 
prevent tumour cells from being 
spread by the operation. 
‘DEGRANOL/’ is of extremely low 
toxicity and is remarkably free 
from side effects. 

Administration 

‘DEGRANOL/’ is available in 50 mg, 
ampoules and is administered by 
intravenous injection. 


For full information, literature, references etc. apply to the 
sole U.K. distributors for CHINOIN, BUDAPEST. 


LEDA CHEMICALS LIMITED 
(Pharmaceutical Division) - 
Portman Square 
Supplies obtainable from the above or through the usual 
distributive channels. 


P.O. Box 500 - Berk House 
- Wl - Telephone: Hunter 6688 


MARMITE 


yeast 
contains 


Riboflavin (vitamin B,) 1-5 mg. per oz. 
Niacin (nicotinic acid) 16-5 mg. per oz. 


extract 


in Geriatrics 


The opinion has been expressed that the 
need for vitamins, especially those of the 
B complex, is increased in frail elderly 
persons. These essential nutrients seem 
to exert a beneficial effect even when the 
diet appears to be adequate. Marmite is 
a yeast extract containing most of the 
known factors of the vitamin B group; it 
can easily be incorporated in the diet 
and is economical to use. 


MARMITE LIMITED 


35, SEETHING LANE, LONDON, €E.C.3 


The perfect drink 
for every occasion 


JOHNNIE WALKER 
Fine Old Scotch Whisky 
BORN 1820—STILL GOING STRONG 
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A( RIKER ) PRODUCT OF CONSIDERABLE VALUE 
IN GENERAL PRACTICE 


Deaner 


EARLY REPORTS SHOW 
THAT ‘DEANER’ MAY 


improve outlook 

Increase appetite 

Produce sounder sleep 
Produce increased drive and 
energy 


‘Deaner’ is a new biochemical 
corrective which acts gradually 
and with a prolonged effect. It dispels 
lassitude, emotional fatigue and 
produces increased drive and energy. 
All evidence indicates that ‘Deaner’ 
produces its effect through 
‘ = acting as a precursor of brain 
acetycholine. 


INDICATIONS — 
General Debility. Where patients 


complain of lack of energy and 
appetite, who are unable to 
concentrate and who seem to derive 
2 no benefit from sleep. 
Meadache. ‘Deaner ‘can produce 
Availability. Tablets containing 
25 mg. dimethylaminoethano! 
(deanol) as para-acetam ido benzoic 
acid salt, Bottles of 100 and 500 
(basic N.H.S. costs 22/- and 90 - 
respectively plus P.T.) 
Weekly cost of treatment is 
approximately plus P.T. 


Dose. Two tablets per day for two to 
three weeks, subsequently increased if 
necessary. The usual dose will often be 
found to be one tablet three times a day. 
N.B. ‘Deaner’ requires at least two 
weeks for its full effect to develop. 
No assessment should be made until 
this time has elapsed. 


RIKER LABORATORIES LIMITED - LOUGHBOROUGH -: LEICS. 
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Uni versity Press 


To be published January 1959 


A Clinical Introduction to Heart Disease 


CRIGHTON BRAMWELL Eneritus Professor of Cardiology in the University of Manchester; 
Consulting Physician to the Manchester Royal Infirmary 


This book has been written specially for general practitioners and senior students who intend to 
enter general practice. No attempt has been made to cover the whole field of cardiology: 
instead Professor Bramwell has paid particular attention to those problems in which—based on 
his own wide experience—the general practitioner most needs help. His aim throughout has 
been to discuss the diagnosis, treatment, and prognosis of patients with heart disease in their 
own homes, by their own family doctor, and nearly all the methods given can be carried out 
without special equipment or hospital facilities. A valuable feature is the series of case histories 
—fully illustrated by x-rays and electrocardiographic tracings—that accompany nearly every 
condition described. 


Demy 8vo 230 pages 61 illustrations 21s. net 


Pharmacology 


J. H. GADDUM E.R.S. Director of the Institute of Animal Physiology, Cambridge, formerly 
Professor of Pharmacology in the University of Edinburgh 


FIFTH EDITION 


Not only has the text of this new edition been very thoroughly revised; it has also been thoroughly 
but judiciously pruned. All the important drugs in the B.P. 1958 or in the U.S.P. have been 
included, as well as many new drugs that are not yet official. Wherever they are applicable 
Official Titles or Approved Names have been used, followed by other well recognised pharmaco- 
logical names, proprietary names—printed in italic—and full chemical names. An innovation 

is the inclusion of metric doses for all official drugs mentioned in the text. 


Demy 8vo 586 pages 93 illustrations 42s. net 


Medical Museum Technology 


J. J. EDWARDS Chief Technologist, The London Hospital Medical College Museum and 
M. J. EDWARDS 


Medical museum technology has been interpreted here as comprising the preservation of all 

forms of tissue for teaching purposes or for research: it is not restricted solely to pathological 
material. This book describes in a practical way all aspects of the subject, and although all 
current techniques of importance have been included and most new methods noted, full descriptions 
have been reserved, largely, for techniques that have withstood the test of time. The history 

of museum technology is given at some length in the early chapters as it is hoped that an account 
of the lines on which techniques have developed will enable readers to appreciate more fully the 
descriptions of current techniques that follow. 


Demy 8vo 180 pages 41 illustrations 2ls. net 
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To be published in Spring 1959 


Major Endocrine Disorders 


S. LEONARD SIMPSON Consultant Endocrinologist, St. Mary's Hospital 
THIRD EDITION with the collaboration of 


A. STUART MASON, Senior Lecturer in Endocrinology, Medical Unit, The London Hospital and 
G. I. M. SWYER, Consultant Endocrinologist, Department of Obstetrics and Gynecology, University 
College Hospital 


The text of this third edition has been very thoroughly revised and much of it has been rewritten. 
It gives a straightforward, comprehensive yet concise account of all the major endocrine disorders 
that are likely to be encountered by consultant physicians and general practitioners during their 
normal clinical work and it covers fully all problems that may arise concerning diagnosis, prognosis, 
and treatment. Although the book is essentially clinical in outlook it is realised that good clinical 
practice must rest on a sound scientific basis and the clinical accounts are prefaced by an introductory 
section for each endocrine gland in turn giving all relevant information on the physiology and 
chemistry of the gland. This will enable both the methods and the interpretation of modern 
laboratory investigations and hormone assays to be readily understood and therefore capable 

of being used as valuable aids to clinical judgement. 


Demy 8vo 456 pages 53 illustrations about 50s. net 


An Introduction to Medical Genetics 


J. A. FRASER ROBERTS Director, Clinical Genetics Research Unit, Medical Research Council, 
Honorary Consultant in Medical Genetics, The Hospital for Sick Children, Great Ormond Street 


SECOND EDITION 


The general plan of this new edition remains the same as in the first edition, and it is addressed 
primarily to clinicians and senior students, its aim being to give guidance during the clinical and 
postgraduate years in the application of genetics to the practical problems of the causation of 
abnormality and disease. Previous knowledge of genetics is not taken for granted, the basic 
principles are restated fully, and on this foundation is built up, not a recapitulation of the science 
of genetics, but an exposition of the applied science of medical genetics, dealing with the human 
subject as observed in the community, in general medical practice, and in hospital. 

The text has been completely rewritten and gives a full account of those genetic principles 
relevant to medicine, either at the present time or in the reasonably foreseeable future, illustrating 
them throughout with examples from the human field. 


Royal 8vo 310 pages 90 illustrations about 30s. net 


Recovery of Function after Sympathectomy 


P. A. G. MONRO Lecturer in Anatomy, University of Cambridge 


This monograph describes in detail the lumbar sympathetic ganglia and the work leading to their 
discovery—first published in a paper written jointly by the author and Professor J. D. Boyd— 

and it provides detailed information on the part they play in the retention of autonomic function 
after sympathectomy. 

It is based on continued observation of more than fifty patients for periods up to five years, 

many of whom are still attending for re-examination. It also contains a detailed account of 
post-mortem findings and histological examinations, which are discussed in relation to the retention 
of autonomic activity after sympathectomy, and it explains why it is retained in certain areas of 
the body after appropriate sympathectomy. 


Royal 8vo 300 pages 86 illustrations about 75s. net 
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Important Recent Publications 


EMERGENCY SURGERY 

By HAMILTON BAILEY, 7th Edn. 1213 pp. 1576 
illustrations, many in colour. 189s., post 3s. 
A SYNOPSIS OF SURGERY 


Edited by SIR CECIL WAKELEY, Br. 
658 pp. 


1Sth Edn. 
190 illustrations and 13 coloured plates. 
37s. 6d., post Is. 4d. 


LEPROSY in Theory and Practice 
Edited by R. G. COCHRANE. About 420 pp. 
189 illustrations, some in colour. 84s., post 2s. 
THE PRESERVATION OF EYESIGHT 
Edited by SIR ARTHUR MacNALTY, K.C.B. 115 
pp. 9 illustrations. 12s. 6d., post 9d. 
A SYNOPSIS OF ANASTHESIA 

By J. ALFRED LEE. 4th Edn. 488 pp. 69 
illustrations. About 27s. 6d. 
A MANUAL OF ANASTHETIC 
TECHNIQUES 


By W. J. PRIOR. 2nd Edn. 
tions. 


240 pp. 75 illustra- 
27s. 6d., post Is. Id. 


PATHOLOGY AND 
BACTERIOLOGY FOR DENTAL 


STUDENTS 
By R. L. BISHTON. 


HOLY TOOTH 


By EDWARD SAMSON. 
as 13 plates. 


323 pp. 112 illustrations. 


42s., post Is. 4d. 


133 pp. 24 illustrations 
16s., post 10d. 


A HANDBOOK OF OBSTETRICS 
AND GYNACOLOGY FOR 
NURSES 


By D. G. WILSON CLYNE. 208 pp. 53 illustra- 
tions. I5s., postjl0d. 


LECTURE NOTES ON 
MIDWIFERY 
By T.F.REDMAN. 220 pp. 12s. 6d., post 8d. 


PROGRESSIVE EXERCISE 

THERAPY IN REHABILITATION 

AND PHYSICAL EDUCATION 

By J. H.C. COLSON. 196 pp. 174 illustrations. 
18s. 6d., post I Id. 


john Wright & Sons Ltd., Bristol 


States: 


TO GET YOUR COPY 
write “Modern Contraceptive 
Technique” and ‘Planned 
Families” on your letterhead 
and post it to the address 
below. 


| 


A practical reference manual on 
contraception 
available free to all doctors 


The Report of the Royal Commission on Population (1949) 


“*... there is nothing inherently wrong in the use of 
mechanical methods of contraception... public policy 
should be based on acceptance of voluntary parent- 
hood and contraception.”” 
These words give authoritative support to the use of con- 
ception control methods as a means of planning the size 
of the family. 
MODERN CONTRACEPTIVE TECHNIQUE presents 
a concise and compact survey of methods commonly used. 
There are notes on methods which have medical approval, 
and also on others which are medically contra-indicated. 


For the use of patients 
PLANNED FAMILIES explains 
contraceptive techniques in non- 
technical terms. Any number of 
copies will be supplied to doctors 
for distribution to their patients. 


LONDON RUBBER CO. LTD., Department 308, HALL LANE, LONDON, E.4 
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DO YOU VALUE YOUR SIGHT? 


—THEN, FOR HEAVEN’S SAKE, DO SOMETHING TO PRESERVE IT! 


The Barnes Hall, Royal Society of Medicine 


The accompanying illustration of the Barnes Hall at the Royal Society of Medicine shows the new 
G.V.D. LIGHTING, which is magnificent in every respect, being glareless, shadowless and evenly 
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As this is a clinical symposium, I propose to 
confine my remarks to studies on human beings 
and to concentrate on the general problems 
involved in the investigation of the small 
intestinal function and on some of the more 
promising new techniques. I shall comment only 
briefly on the use of these methods in the 
investigation of a few clinical problems. 

The function of the small intestine is to 
complete the process of digestion begun in the 
stomach and to transfer the products from the 
lumen of the gut into the blood or lymph. Our 
knowledge of the mechanism of intestinal 
absorption is rudimentary, but it is gratifying to 
clinicians that investigation of the malabsorption 
syndrome is helping to elucidate the physiology 
of the normal processes. Although it is the only 
indispensable part of the alimentary tract, there 
has perhaps been less clinical stimulus to research 
on the small intestine because it is relatively 
immune from disease by comparison with the 
approaches to it from above and below. These 
also render it virtually inaccessible to direct 
investigation, and indirect methods which depend 
on analysis of the stools or blood are unsatis- 
factory, because so many factors are involved 
that it is difficult to disentangle the specific 
functions of the small intestine itself from those 
of many other organs and tissues. Its digestive 
functions, for example, are intimately related to 
and depend upon those of the pancreas and bile, 
and its absorptive functions depend on the form 
in which material is presented to it; it cannot 
absorb vitamin By, for example, unless the 
stomach secretes intrinsic factor. There is also 


JANUARY 


the problem of how to separate its digestive from 
its absorptive functions; for example, there is 
still considerable controversy as to how far the 
process of digestion of fat has to proceed within 
the lumen of the gut before the fat is absorbed. 
Problems of this kind arise in the clinical 
investigation of small intestinal function, but the 
ultimate problem is how substances are trans- 
ferred across the intestinal cell into the circulation. 
This is the most complex example of the general 
problem of the permeability of membranes, in 
that the intestinal mucosa absorbs such a large 
number of different substances. Very little is 
known about it despite many ingenious studies 
both in vitro and in vivo, but there is evidence 
that several cellular mechanisms are involved, 
and a general theory of absorption cannot be 
formulated. Simple physical laws of diffusion 
would explain the absorption of those end- 
products of digestion whose concentration in the 
bowel is higher than that in the tissues. Some of 
these, however, such as glucose and some amino 
acids, are known to be absorbed by an active, 
selective mechanism. Other substances are 
absorbed against considerable concentration 
gradients. In these days of intestinal biopsy it is 
possible that the nature of some of these cellular 
mechanisms of absorption may be unravelled by 
Studies on man, and the mystery of the relation 
between gluten and ceeliac disease provides a 
challenging stimulus to research on the mucosal 
lesion. Meanwhile there have been some 
advances in the investigation of small intestinal 
function at what I might call the clinical level, 
and I propose to review some of these. 

The methods in common use are indirect, and 
fall into the two main categories of balance 
studies, and tolerance tests. In balance studies, 
a quantitative estimate of absorption is obtained 
by measuring the amount of a substance excreted 
in the feces and subtracting this from the amount 
given in the diet, the result being expressed as a 
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percentage absorption. This depends, however, 
on many factors other than the function of the 
small intestine, and also on several assumptions, 
viz. that the gut does not secrete a significant 
amount of the substance into the lumen, that 
the bacteria in the feces do not contain a 
significant amount of it, that bacterial fermen- 
tation of unabsorbed residues does not occur in 
the large intestine, and finally that it is feasible 
in clinical practice to relate the fecal excretion 
of a substance to the measured intake over a 
period of time. In tolerance tests, a standard 
amount of the test substance is given by mouth 
and the amount absorbed is estimated from 
changes in the blood level or the amount excreted 
in the urine. The rate of absorption by the small 
intestine, however, is only one of many factors 
which influence the shape of the blood curves, 
such as the previous diet of the patient and the 
rate of gastric emptying, and particularly the 
rate of distribution of the substance into its body 
spaces and its metabolism in the body. 
Theoretically it should be possible to obtain some 
estimate of these factors by injecting the substance 
intravenously and measuring the rate at which it 
disappears from the blood, and then correlating 
this plasma clearance curve with the oral 
tolerance curve. Ideally the intravenous injection 
should be given at the same rate as the substance 
is absorbed from the gut, but this of course is 
unknown. A modified tolerance test of this 
kind has been used for studying the absorption 
of iron (Callender, 1958). The patients were 
given a dose of labelled iron by mouth at the 
same time as an intravenous dose of a second 
isotope of iron, and the rates of disappearance of 
both the oral and intravenous isotopes from the 
plasma were then measured; a corrected plasma 
curve for the oral isotope was thus obtained and 
the amount absorbed from the gut calculated. 
A simpler method of improving the specificity 
of the tolerance test as an index of absorption 
would be to give a substance which is not normally 
metabolised in the body but closely resembles 
natural foodstuffs, e.g. the use of xylose instead 
of glucose for measuring the absorption of 
carbohydrates. 

Despite their limitations, both balance studies 
and tolerance tests can give useful information 
about the absorption of certain substances, but 
they are unsatisfactory for studying the digestion 
and absorption of ordinary foodstuffs. For 
this purpose it is essential to use direct methods 
of investigation which make it possible to 
aspirate samples of the contents of the small 
intestine from different levels during the digestion 
and absorption of ordinary meals. This would 
make it possible to determine the relative 
importance of pancreatic enzymes, succus 


entericus, bile, pH, and motility in the processes 
of digestion, and to establish the site of maximum 
absorption of different foodstuffs. Some data 
have been obtained in a few special investi- 
gations by measuring the rate of absorption of 
substances from a segment of intestine proximal 
to an occluding balloon or isolated between two 
balloons. Cummins and Almy (1953) used this 
method to study the effect of motility on the 
absorption of glucose and methionine; the rate 
of absorption was apparently increased by 
stimulating motility with a cholinergic drug, but 
the method was not sufficiently accurate to permit 
conclusive results. 

These cumbersome and unphysiological tech- 
niques have been superseded by an ingenious 
method of intubation described by Blankenhorn 
et al. (1955). A fine polyvinyl tube of about 
2 mm. internal diameter is allowed to pass 
through the entire gastro-intestinal tract, and 
samples of the contents can be aspirated at any 
desired level of the small intestine under con- 
ditions closely resembling the physiological state. 
The application of this method is very recent 
but Borgstr6ém and his colleagues in Sweden 
(1957) have already obtained quantitative data 
about the extent of digestion and absorption of 
a well-balanced liquid test meal at different 
levels of the small intestine in a group of 12 
normal subjects. The tube moved slowly down- 
wards during the sampling period and the 
distance from the nose to the site of aspiration 
for each sample was noted and this was either 
localized by X-rays or calculated by reference to 
data obtained by Hirsch e7 al. (1956). The meal 
contained fat as corn oil, carbohydrate as glucose 
and lactose, milk proteins in well-balanced 
proportions, and a_ water-soluble reference 
substance, polyethylene glycol, which is neither 
absorbed nor digested. From the concentration 
of this indicator substance in each aspirated 
sample they were able to calculate, for the first 
time in man, the percentage absorption of fat, 
carbohydrate, and protein at different levels of 
the small intestine. This technique also enabled 
them to assess the function of the small intestine 
itself in the processes of digestion. For example, 
they found that the activity of the enzymes 
contained in the succus entericus, as represented 
by invertase and lactase, was _ insignificant 
compared with that of the pancreatic enzymes 
per ml. of intestinal content, and that lactose 
was absorbed at a level where the disaccharide- 
splitting enzymes were either absent or in low 
concentration. These findings, if confirmed, 
would imply that the enzymes contained in the 
succus entericus are of little or no importance in 
the processes of digestion within the lumen of 
the intestine in man, and therefore their main 
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site of action is presumably within the mucosal 
cell. On the other hand, the concentration of the 
pancreatic enzymes, bile salts and phospho- 
lipids was very high in the proximal jejunum 
which proved to be the main site of digestion 
and absorption of the test meal. They also 
obtained data about the rate at which the meal 
was delivered into the duodenum and its passage 
through the jejunum and about the dilution of 
the meal at different levels, and they were able 
to estimate the degree of mixing of the food and 
secretions from the ratios of the concentration 
of the meal and its digestion products to that of 
the enzymes and bile at different levels. Quite 
apart from its value in studying the physiology 
of digestion and absorption, this technique has 
already proved valuable in a study of intestinal 
absorption after gastrectomy (Lundh, 1958) 
because the concentration of the enzymes and 
their admixture with the meal are of greater 
interest in such clinical studies than, for example, 
the data obtained by measuring the response of 
the pancreas under fasting conditions to injections 
of secretin and pancreozymin. Incidentally, 
intubation of the small intestine is the only 
method of detecting such uncommon causes of 
malabsorption as the deficiency of bile salts 
(Ross et al., 1955), or the inactivation of enzymes 
by the persistence of a very low pH throughout 
the duodenum and jejunum, as was found in one 
of Dr. Avery Jones’ patients who was suffering 
from the Zollinger-Ellison syndrome. 

Another important advance in the study of the 
small intestinal function has been the application 
of radioisotope techniques, some of which I have 
already mentioned. It is true that these can 
provide only the same kind of information as 
chemical methods of analysis because the 
physiological limitations of balance and tolerance 
tests are not affected by their use. They also 
have their own limitations, but when used with 
discrimination they can make many investi- 
gations so much easier to perform that it is 
possible to carry out a large number of tests in a 
short time, and to make some studies which 
could not be carried out in any other way. 
Their application in this field is so recent that it 
would be premature to attempt to assess their 
value, but it is clear that their usefulness depends 
upon the particular problem under investi- 
gation, since there are several mechanisms for 
the transfer of substances from the lumen of the 
gut into the circulation. I shall give only a brief 
review of the investigation of the small intestinal 
function in relation to a few foodstuffs, 
mentioning the use of isotopes where relevant. 


ABSORPTION OF FAT 
The absorption of fat has been studied more 
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intensively than that of any other substance, 
presumably because steatorrheea is the most 
obtrusive clinical sign of malabsorption. The 
detection of steatorrheea has recently been 
simplified by the growing realization that rigid 
balance techniques are not essential, by the use 
of van de Kamer’s rapid method of estimating 
fecal fatty acids (Kamer et al., 1949), and also 
by the application of radioisotope techniques. 
It has been found that on normal mixed diets of 
50-150 grams of fat, the variations in fat 
excretion are small and the upper limit in normal 
subjects is about 6 grams per day (Cooke and 
French, 1958). Most of this is probably derived 
from sources other than the diet, but the relative 
proportions of dietary and non-dietary fat that 
go to form the fecal fat in any individual patient 
cannot be estimated satisfactorily. In patients 
who are taking normal diets it is therefore 
sufficiently accurate and very much simpler to 
collect the stools for three to six days and 
express the results of fecal fat analysis as grams 
per twenty-four hours, instead of relating it to 
intake; and for routine diagnostic purposes it is 
not essential to use stool markers. 

The origin of the fecal fat is still in doubt 
because techniques have not been available to 
assess the proportions derived from the diet and 
from non-dietary sources such as epithelial 
debris, bacteria, and excretion of fatty material 
into the lumen of the intestine. That excretion 
of fat into the small intestine does not contribute 
significantly to the fecal fat in normal subjects 
is suggested by an observation made by 
Borgstr6m ef al. (1957) in their intubation 
studies. They found that fat in the form of corn 
oil was absorbed in the first 100 cm. of the 
jejunum, and in one experiment they labelled the 
dietary fat by including 'C-triolein in the fat of 
the test meal and noted that it was not sig- 
nificantly diluted with endogenous fat in the 
small intestine. New techniques are also being 
applied to the study of the dietary component 
of fecal fat both in normal subjects and in 
patients with the malabsorption syndrome, by 
feeding saturated and unsaturated fatty acids 
labelled with the stable isotope of carbon (C) 
and analysing the fecal fatty acids by partition 
chromatography and spectrographic methods 
(Blomstrand, 1958). The evidence at present 
available indicates that the most important 
sources of the fecal fat are the diet and intestinal 
bacteria, but the application of these techniques 
is very recent. There is reason to believe, 
however, that the controversy about the origin 
of fecal fat will be settled by these methods and 
especially by the use of the *C or '4C isotopes 
which permit identification of fats without 
altering their properties. 
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However, the use of both these isotopes is at 
present an esoteric research procedure. The 
only practicable method of labelling fats for 
clinical studies is with the isotope of icdine 
(J), but unfortunately this changes their 
properties. The use of *'I-labelled fats is 
therefore an empirical procedure, valuable as a 
clinical test for detecting steatorrheea but not 
for studying the fate of individual fatty acids, 
because these iodinated fats are not identical 
with unlabelled fats and may not behave in the 
same way in the body. There is no reason to 
doubt that the iodine label remains firmly bound 
to the fat during its passage through the 
alimentary tract, but it is split off fairly rapidly 
after its passage through the intestinal cell 
(Beres et al., 1957). For these and other reasons, 
the validity of the use of labelled fats in balance 
studies is widely accepted, but their value in 
tolerance tests is debatable, and there are many 
conflicting reports about the reliability of blood 
curves as an index of intestinal absorption. 
Moreover the dose of 141 which is required for 
the measurement of the blood levels is high 
enough to discourage repeated tolerance tests in 
the same subject, whereas in balance tests a dose 
of Suc. or less is sufficient for measuring the 
fecal excretion. The labelled triolein is given 
by mouth and the stools are collected for about 
three days and passed directly into a container 
which fits into the counting apparatus. It is 
essential to avoid contamination with urine 
since the assumption is that the ‘I recovered in 
the feces has not been absorbed. This technique 
measures only the absorption of labelled triolein 
and not of dietary fat in general, but as a simple 
clinical test for detecting malabsorption it is 
probably about as reliable as the chemical 
method. Neither of these balance techniques 
can be used to diagnose the cause of steatorrheea, 
because it has been shown that an increase in 
the ratio of neutral fat to split fat in the feces is 
not diagnostic of pancreatic steatorrhoea. 
However, attempts have been made (Reemtsma 
et al., 1957; Duffy and Turner, 1958) to 
differentiate pancreatic from small intestinal 
Steatorrhea by giving oral doses of labelled 
triolein and labelled oleic acid and measuring 
the blood concentrations of each. The assump- 
tion is that neutral fat cannot be hydrolysed in 
the absence of pancreatic enzymes, and therefore, 
in steatorrheea of pancreatic origin, the labelled 
triolein is poorly absorbed and the blood curves 
will be flat, whereas the labelled oleic acid should 
be absorbed normally. In small intestinal 
. disorders on the other hand the absorption of 
both the neutral fat and fatty acid is impaired 
and therefore both the blood curves will be flat. 
Some observers (Ruffin et a/., 1958) have had 


sufficient confidence in this test to use it for 
studying absorption in patients after gastrectomy, 
and have interpreted the combination of flat 
blood curves for triolein absorption with normal 
curves for oleic acid absorption as evidence of 
defective admixture of the pancreatic enzymes 
with the food. On the other hand some other 
observers (McKenna et al., 1957) have found 
blood absorption curves to be unreliable even 
as a means of detecting steatorrhoea as the 
following quotation from a recent paper shows 
(Grossman and Jordan, 1958): “all patients who 
excreted abnormally large amounts of lipid in 
the feces, as determined chemically also had 
abnormally high levels of radioactivity in the 
feces. Blood radioactivity levels were below 
the normal range in only 4 of 14 patients who 
exhibited steatorrhoea by the criteria of fecal 
lipid content and fecal radioactivity.” The 
explanation of these divergent views lies partly 
in the use of I as a label for the fats but 
mainly in the limitations of blood curves as a 
test of absorption, which I mentioned earlier. 
No matter what test substance is used, whether 
radioactive or not, whether fat, carbohydrate or 
protein, the concentration in the blood is 
influenced by many factors other than intestinal 
absorption and it is difficult to define the normal 
limits. This is probably why such tedious 
methods as the chemical analysis of blood fats 
and the counting of chylomicrons after a fatty 
meal have been largely unrewarding both as 
clinical tests and in the study of the different 
phases of fat absorption in man. 

Similar considerations apply to the vitamin-A 
tolerance test, which has been widely used in the 
diagnosis of malabsorption since the discovery 
that the blood curves following a standard oral 
dose of this fat-soluble vitamin were usually flat 
in patients with coeliac disease. It has been 
claimed (Legerton ef al., 1953) that there is a 
close correlation between the blood level of 
vitamin A five hours after an oral test dose and 
the degree of steatorrhcea, but this has been 
questioned by others, and Cooke (1958) considers 
that this level correlates more closely with the 
degree of malnutrition than with steatorrheea. 
The estimation of vitamin A may have some 
value as a screening test in suspected cases of 
malabsorption, but the finding of a flat curve in 
a proved case of steatorrhoea is not very helpful. 
Before leaving the subject of fat absorption I 
should mention that despite the use of !4C- 
labelled fats and the development of ingenious 
techniques for collecting intestinal and mesenteric 
lymph in animals, the two main theories of fat 
absorption are still hotly debated. However, 
facts are accumulating rapidly and new methods 
are constantly being developed, the latest being 
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a technique for cannulating the thoracic duct in 
man. 


PROTEIN ABSORPTION 


Apart from a few amino-acid tolerance tests, 
what knowledge we have of protein absorption 
in man is based largely on balance studies. 
These, however, are unsatisfactory because the 
fecal nitrogen is not derived from unabsorbed 
food only but also from bacteria and from 
endogenous protein contained in the intestinal 
secretions. It used to be thought that the 
finding of increased fecal nitrogen excretion was 
useful in differentiating pancreatic from idio- 
pathic steatorrhoea, but it has recently been 
shown (Comfort et al., 1953; Cooke et al., 1953) 
that nitrogen excretion is likely to be high when 
there is a large amount of fat in the stools. The 
fact that the fecal nitrogen may be as high in 
idiopathic as in pancreatic steatorrhoea indicates 
that the nitrogen losses may be derived from 
endogenous sources as well as from mal- 
absorption of protein. 


CARBOHYDRATE ABSORPTION 


The balance technique cannot be used to study 
carbohydrate absorption because any sugars 
that are not absorbed in the small intestine may 
be destroyed by bacterial fermentation. However, 
it has been shown by the intubation method that 
glucose and lactose are completely absorbed in 
the first 50-100 cm. of the jejunum. The 
glucose tolerance test has been widely used as an 
index of intestinal absorption but the shape of 
the blood curves is influenced by many other 
factors. It is true that in idiopathic steatorrhoea 
the curves are usually flat but this is not invariably 
so and they may be equally flat in normal people. 
Equivocal results are therefore commonly found 
where the clinical diagnosis is in doubt. Indeed 
the glucose tolerance test is much more valuable 
as an index of pancreatic disease than of intestinal 
absorption because blood curves of diabetic type 
would strongly favour a pancreatic origin for 
steatorrheea. For this reason there has been a 
revival of interest in the use of p-xylose (Benson 
et al., 1957) which is not normally present in 
blood and is excreted in the urine. The test is 
performed by giving 25 grams by mouth and 
measuring the amount excreted in the urine 
over five hours. It is claimed that there is only 
a small overlap of the ranges of values in normals 
and in patients with idiopathic steatorrhcea. 
Attempts to correlate tiie impaired absorption of 
these and other sugars with defective phosphory- 
lation in idiopathic steatorrhoeaa have been 
unsuccessful. The role of phosphorylation in 
the transfer of sugar across the mucosa is still 
in doubt. 


Symposium 


ABSORPTION OF VITAMIN FoLic Actp, 
AND IRON 


Recent studies of the relationship between 
small intestinal function and anemia have been 
so fruitful that it took two days to discuss them 
at a conference at the Royal College of Physicians 
last July. To review the findings in a few words: 
the absorption of vitamin B,, can be measured 
by giving an oral dose labelled with radioactive 
cobalt and measuring the radioactivity in faces 
or urine. If absorption is impaired and cannot 
be corrected by giving intrinsic factor, some 
disorder of small intestinal function is likely. If 
the impaired absorption can be improved by 
giving antibiotics, there is probably some 
anatomical lesion of the intestine permitting 
bacteria to flourish and utilize the vitamin. 
Absorption is often impaired in coeliac disease 
and regional ileitis and it cannot be improved by 
giving intrinsic factor or antibiotics, but may be 
improved by steroid therapy. When the ileum 
is affected by disease, however, the impaired 
absorption cannot be improved by any of these 
methods because the ileum has been shown to be 
the main site of absorption of vitamin B,,. in 
man (MclIntyre et al., 1956; Mollin et al., 1957). 
This is in contrast to folic acid which is said to 
be absorbed in the jejunum (Cooke, 1958), and 
if this is confirmed, the measurement of vitamin 
B,, and folic acid absorption will be invaluable 
for investigating small intestinal function. The 
absorption of folic acid has been measured by 
the urinary excretion test (Girdwood, 1953) and 
more recently by changes in serum concentration 
after an oral dose (Chanarin ef al., 1958), the 
patients being saturated with folic acid before- 
hand to ensure a normal rate of plasma clearance. 
A valuable method has also been developed for 
measuring the absorption of iron, by labelling 
foodstuffs with radioactive iron and measuring 
the amount excreted in the feces. It has been 
found that defective absorption is very uncommon 
except in patients with steatorrheea and after 
gastrectomy. 


I am well aware that this brief review is both 
incomplete and superficial, but I have tried to 
concentrate on those techniques which have been 
shown to have some value in the clinical investi- 
gation of intestinal function. For example, 
although I am particularly interested in the new 
techniques for measuring intraluminal pressures, 
I do not think that they are relevant to this 
discussion because we have not yet succeeded in 
correlating our recordings of motility with the 
digestive and absorptive functions of the gut. 
Nor do we know how the intraluminal pressures 
are related to the tension in the muscular wall of 
the gut or to the rate of flow of the contents 
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(Rowlands, 1959). A _ satisfactory method of 
measuring the rate of flow is urgently required 
for the investigation of the common clinical 
problem of simple diarrhoea. The most welcome 
advance in this field, however, would be the 
development of techniques which do not require 
intubation, and a step has already been taken in 
this direction. An ingenious method has been 
described which depends on the use of a small 
radio transmitter contained in a pill which is 
easily swallowed and transmits information 
about pressure, temperature, and hydrogen ion 
concentration during its passage through the 
alimentary tract (Mackay and Jacobson, 1958). 


REFERENCES 
Benson, J. A., et al. (1957) New Engl. J. Med., 256, 
335. 


Beres, P., WENGER, J., and KirsNer, J. B. (1957) 
Gastroenterology, 32, 1. 

BLANKENHORN, D. H., Hirscu, J., and AHRENS, E. H. 
(1955) Proc. Soc. exp. Biol., N.Y., 88, 356. 

BLOMSTRAND, R. (1958) Abstracts of Scientific 
Presentations, World Congress of Gastroenterology. 
Washington; p. 19. 

BorGSTROM, B., DAHLOQvist, A., LUNDH, G., and 
SJOVALL, J. (1957) J. clin. Invest., 36, 1521. 

CALLENDER, S. T. E. (1958) Lancet, ii, 257. 

CHANARIN, I., ANDERSON, B. B., and Mo Ltn, D. L. 
(1958) Brit. J. Haemat., 4, 156. 

Comrort, M. W., WoLLAEGER, E. E., Tayor, A. B., 
and Power, M. H. (1953) Gastroenterology, 23, 155. 

Cooke, W. T. (1958) Brit. med. J., ii, 261. 

and Frencu, J. M. (1958) In: Modern 

Trends in Gastroenterology. Ed.: F. Avery Jones. 

London; p. 218. 

Tuomas, G., MANGALL, D., and Cross, H. 
(1953) Clin. Sci., 12, 223. 

Cummins, A. J., and Atmy, T. P. (1953) Gastro- 
enterology, 23, 179. 

Durry, B. J., and Turner, D. A. (1958) Ann. intern. 
Med., 48, 1. 

Girpwoop, R. H. (1953) Lancet, ii, 53. 

GrossMan, M. I., and JorDAN, P. H. (1958) Gastro- 
enterology, 34, 892. 

Hirscn, J., AHRENS, E. H., and BLANKENHORN, D. H. 
(1956) Gastroenterology, 31, 274. 

Kamer, J. H. van de, Huinink, H. ten B., and 
Wevyers, H. A. (1949) J. biol. Chem., 177, 347. 

LEGERTON, C. W., TEXTER, E. C., and Rurrin, J. M. 
(1953) Gastroenterology, 23, 477. 

LunpH, G. (1958) Acta. chir. scand., Suppl. 231. 

McIntyre, P. A., SACHS, M. V., KREVANS, J. R., and 
Con.ey, C. L. (1956), Arch. intern. Med., 98, 541. 

Mackay, R. S., and Jacosson, B. (1958) Electronics, 

McKEnNna, R. D., Bourne, R. H., and MatTzko, A. 
(1957) Gastroenterology, 32, 17. 

Mo . tn, D. L., Bootn, C. C., and Baker, S. J. (1957) 
Brit. J. Hemat., 3, 412. 

REEMTSMA, K., MALM, J. R., and Barker, H. G. (1957) 
Surgery, 42, 22. 

Ross, C. A. C., et. al. (1955) Lancet, i, 1087. 

ROWLANDS, E. N. (1959) In: Symposium on Quanti- 
tative Methods in Human Pharmacology and 
Therapeutics, 24th and 25th March, 1958. Ed.: 
D. R. Laurence. London. In press. 

Rurrin, J. M., et al. (1958) Gastroenterology, 34, 484. 


Histopathology of the Small Intestine 


Bv B. C. Morson, M.A., D.M. 
St. Mark’s Hospital, London 


THE small intestine, excluding the duodenum, 
is about 20-25 feet long. The proximal two- 
fifths is called the jejunum and the distal three- 
fifths constitutes the ileum. It tends to become 
narrower throughout its course, but there are 
also microscopical differences between the 
jejunum and ileum which will be referred to later. 

In its general microscopic structure the small 
intestine consists of two muscle layers, an inner 
circular and an outer longitudinal, lined by a 
mucous membrane and covered externally by 
visceral peritoneum. The mucous membrane or 
mucosa is separated from the muscle layers or 
muscularis externa by a layer of loose connective 
tissue known as the submucosa. Likewise the 
peritoneum and muscularis externa are separated 
by the serosa, also composed of loose connective 
tissue. In the normal small intestine the mucosa 
and the peritoneum are freely mobile over the 
muscularis externa. 

The small intestinal mucosa consists of an 
epithelial membrane and a supporting framework 
of fine connective tissue known as the lamina 
propria. These rest on the muscularis mucose. 
The latter consists of smooth muscle fibres 
together with some elastic tissue. Some of the 
muscle fibres are longitudinal, others are circular. 
The muscularis mucose is important in the 
maintenance of the normal mucosal pattern. 
The submucosa and serosa consist of loose 
connective tissue and elastic fibres containing 
the main blood and lymphatic supply to the 
intestinal wall. In particular, the submucosa 
contains numerous large veins. Meissner’s 
plexus of post-ganglionic sympathetic nerves 
together with ganglia is found in the submucosa. 
Auerbach’s plexus of ganglia and preganglionic 
parasympathetic nerves is found between the two 
layers of the muscularis externa. The visceral 
peritoneum covering the small intestine is 
composed of a thin layer of pavement epithelium 
supported by a layer of fibrous tissue which 
contains a well-developed elastic lamina (Fig. 1). 
Hence the elasticity of the peritoneum. 

The small intestine presents an enormous 
absorptive surface, not only because of its great 
length, but because the mucous membrane is 
thrown into crescentic circular folds or plice 
circulares. These are most prominent in the 
upper jejunum (Fig. 2), gradually becoming 
smaller towards the lower ileum where they 
disappear. The absorptive surface is also 
increased by the intestinal villi, which are most 
developed in the jejunum, again becoming fewer 
and shorter towards the lower ileum. There are 
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Fic. 1.— the wavy elastic 
lamina stained black by Weigert’s method. » 125 


Fic. 2.—Normal H.andE. ~ 2. 


anatomical reasons, then, to support the view 
that the absorptive and secretory power per foot 
is greater in the jejunum than the ileum. The 
presence of the plice circulares appears to depend 
on the tone of the smooth muscle fibres of the 
muscularis mucose and on the state of the 
submucosa. In the normal small intestine 
dilatation will cause the plice to disappear, and 
contraction to emphasize their presence. But 
contraction and dilatation are only possible in 
the presence of a normal elastic submucosa. If 
the latter is affected by fibrosis, the muscularis 
mucose will be immobilized, leading to atrophy 
of the plice. 

The surface cells of the small intestine which 
cover the intestinal villi are of two types (Fig. 3). 
Firstly, there are simple columnar cells which 
are non-secretory and primarily absorptive in 
function. Between these simple columnar cells 
may be seen goblet cells, in varying stages of 
mucus secretion. The simple columnar epithelial 
cells have a brush border which is really com- 
posed of enormous numbers of microvilli which 
further increase the absorptive capacity of the 
epithelial membrane: these are only found in 
small intestinal epithelium. They are absent 
from the normal stomach mucosa and from 


Fic. 3.—-Small intestinal epithelium. 
columnar cells and goblet cells are present. 
brush border. PAS. 315. 
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large intestinal mucosa which is entirely com- 
posed of mucus-secreting or goblet cells. Their 
absence from the colon links up with the 
relatively greater absorptive power of the small 
intestine. 

The mucus-secreting or goblet cells of the 
small and large intestine are stained red by 
mucicarmine. The normal gastric mucosa will 
not stain with mucicarmine, which suggests that 
gastric and intestinal mucus differ in their 
chemical structure. 

The experiments by Florey (1958) at Oxford 


suggest that the functions of mucus are mainly 


physical, being concerned with lubrication and 
the protection of the delicate intestinal mucous 
membrane from damage by solid matter. This 
is illustrated by the examination of surgical 
specimens of intestine from patients who have 
been prepared  pre-operatively with non- 
absorbable sulphonamide. Not infrequently 
these contain the disintegrating tablets of 
sulphonamide wrapped up in a neat parcel of 
mucus. 

The deep part of the small intestinal mucosa 
contains the intestinal glands or crypts of 
Lieberkiihn. These are also lined by simple 
columnar and goblet cells, except at the base of 
the crypts where two types of cell of great interest 
are found. These are the Kulchitsky cells and 
the Paneth cells. 

The Kulchitsky cell has, in recent years, 
achieved considerable notoriety because of the 
discovery of the clinical syndrome associated 
with carcinoid tumours. The cells are found 
mostly near the base of the crypts of Lieberkiihn, 
although some may be seen nearer the surface 
of the epithelium. They are low columnar or 
triangular in shape, with nuclei which are rather 
larger and clearer than those of the neighbouring 
cells. The cytoplasm contains granules which 
are always infranuclear in contrast to the 
neighbouring Paneth cells in which the granules 
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are supranuclear. We now know that the 
granules in the Kulchitsky cells contain 5- 
hydroxytryptamine and that this substance is 
secreted into the blood stream. In other words, 
the Kulchitsky cell is an endocrine cell, and 
this might explain the basal position of the 
cytoplasmic granules. The Kulchitsky cells are 
found throughout the gastro-intestinal tract, but 
are most common in the duodenum and small 
intestine. There seems to be no difference in 
their frequency in the jejunum and ileum. 

The granules in Kulchitsky cells and carcinoid 
tumours may be stained brick red by a diazo dye, 
the Brentamine fast Red B Salt. They are also 
strongly eosinophilic in hematoxylin and eosin 
preparations and have the property of reducing 
ammoniacal silver to metallic silver—in other 
words they are argentaffin. Hence the term 
argentaffinoma. 

It has been noticed that there is hypertrophy 
of smooth muscle in the neighbourhood of 
carcinoid tumours and the suggestion has been 
made that this is due to the local effect of 
5-hydroxytryptamine secretion. However, it is 
my experience that local hypertrophy of smooth 
muscle is common in the neighbourhood of 
diseased intestine, including carcinoma and 
endometriosis. It is probable that this is a work 
hypertrophy following interruption of the normal 
muscular contractions of the intestine by diseased 
tissue. More evidence must be obtained before 
the theory can be accepted that the hypertrophy 
of muscle in the neighbourhood of carcinoid 
tumours is due to the local action of serotonin. 

We know something of the histology and 
function of the Kulchitsky cell. The other 
special cell found at the base of the crypts of 
Lieberkiihn remains a complete mystery. This 
is the Paneth cell. 

The Paneth cell (Fig. 4) was first described by 
Schwalbe in 1872, but the first accurate descrip- 
tion was given by the German physician Dr. 
Paneth in 1888. It is remarkable that we have 
almost nothing to add to-day to Dr. Paneth’s 
original description of this cell and we are still 
ignorant of its function. 

Paneth cells are found only in the small 
intestine. They are absent from the normal 
stomach, although they may be present in areas 
of intestinal metaplasia. An occasional Paneth 
cell can be found in the cecum, but they are 
absent from the rest of the large intestine. The 
cells are found only at the base of the crypts of 
Lieberkiihn. Most crypts have at least one cell 
and often two or three. 

Paneth cells contain numerous, rather coarse 
granules which are supranuclear in position. 
They are strongly eosinophilic in hematoxylin 
and eosin preparations. A more specific staining 


Fic. 4.—Small intestinal mucosa. Paneth cells at 
the base of the crypts of Lieberkiihn. Phospho- 
tungstic acid, hematoxylin and mucicarmine. x 105. 


technique has been described by Kerr and 
Lendrum (1936) in which the granules are 
stained blue-black by phosphotungstic acid 
hematoxylin. The supranuclear position of the 
Paneth cell granules suggests that they are 
extruded into the lumen of the crypts of 
Lieberkiihn. However, free granules are not 
seen in the lumen, although a close study of the 
periphery of the cell strongly suggests that they 
are excreted in this direction. 

The chemical nature and function of Paneth 
cell granules is not known. There is no sound 
evidence for the theory that they are precursors 
of goblet cells. An increase or decrease in their 
number and position has not been described in 
any disease; and unlike the neighbouring 
Kulchitsky cells, tumours of Paneth cells have 
never been reported. Our ignorance of this 
common cell is profound, and is a challenge 
to future research. 

Nodules of lymphoid tissue are present in the 
lamina propria throughout the small intestine. 
The smaller are entirely confined to the lamina 
propria, but larger ones bulge through the 
muscularis mucosz into the submucosa. These 
small nodules are found with greatest frequency 
in the lower ileum. In addition, the lower ileum 
contains considerably larger nodules of lymphoid 
tissue in the mucosa known as Peyer’s patches. 

Lymphoid tissue plays an important part in 
the pathogenesis of diseases of the small intestine. 
It provides a focus of infection for a number of 
inflammatory conditions. Typhoid and tuber- 
culosis are well-known examples of this—the 
ulcers being found with greater frequency in the 
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lower ileum where there is most lymphoid tissue. 
Likewise, the ileocwcal type of intussusception 
in infants is possibly due to hyperplasia of the 
lymphoid tissue in the terminal ileum. There is 
evidence, too, that Crohn’s disease begins in the 
lymphoid tissue of the small intestine. In the 
first place Crohn’s disease is most common in 
the terminal ileum. Secondly, the histological 
appearances are those of a disease of lymphatic 
tissue. The three main histological features in 
Crohn’s disease are: overgrowth of lymphoid 
tissue with a characteristic distribution in the 
submucosa; the formation of fissures which 
appear to begin in the lymphatic nodules of 
the mucosa and gradually extend through the 
intestinal wall; and last, the presence of 
non-caseating giant cell systems in at least 60% 
of cases. These resemble the giant cell systems 
of sarcoid rather than tuberculosis. 


It is well known that ectopic epithelium of 
gastric or pancreatic type may be found in the 
intestine, particularly within a Meckel’s diver- 
ticulum. In my experience epithelium of the 
type found in the pyloric glands of the stomach 
is not infrequently present in pathological 
material from the ileum (Fig. 5). Whether this 
is due to metaplasia or is a congenital abnormality 
is not clear, although the latter seems the more 
likely. 

It has been stated that the polyps in small 
intestinal polyposis or the Peutz-Jeghers 
syndrome may show histological evidence of 
malignant change, although there has been no 
report of a patient with this disease dying from 
primary small intestinal carcinoma. A recent 
report from the Mayo Clinic (Bartholomew et ai., 
1957) suggests that these polyps are not neoplasms 
in the generally accepted sense of the word, but 
are more in the nature of a congenital abnormality 
or hamartoma. The histological evidence for 


Fic. . -Small intestinal mucosa showing chronic 
inflammatory changes and tubules of pyloric type on 
the right of the photograph. H. and E. 1085. 


this is that the polyps are not composed of one 
predominant type of proliferating cell. On the 
contrary all the epithelial cells of the intestinal 
mucosa, including the simple columnar cells, the 
goblet cells, and the Paneth cells are represented 
in the same relationship to one another as they 
are in the normal mucosa. Furthermore, 
the stroma consists of bands of smooth muscle 
fibres, which are related to the epithelial 
elements of the polyp in the same way as to the 
normal mucous membrane. If the polyp of the 
Peutz-Jeghers syndrome is not a neoplasm, but 
a hamartoma, then it follows that it is not a 
pre-cancerous condition. 


In the wall of the small intestine there is found 
another cell in which there has recently been a 
revival of interest. This is the mast cell (Fig. 6), 
originally described by Ehrlich in 1877. It isa 
wandering, connective tissue cell filled with 
granules which stain purple with toluidine blue. 
These cells have a characteristic distribution in 
the wall of the small intestine. Most of them are 
found among the loose connective tissue of the 
submucosa and serosa in close relationship to 
the blood vessels. A few may be found in the 
deeper parts of the lamina propria, close to the 
muscularis mucosz, but they are absent from 
the rest of the mucous membrane. The inner 
or circular part of the muscularis externa 
normally contains very few mast cells, but a fair 
number can usually be found among the fibres of 
the longitudinal muscle. 


It is believed that mast cells secrete heparin 
(Jorpes, 1946). More recently Riley (1953) and 
Riley and West (1953, 1955) have shown that 
they also secrete histamine and the histamine 
value of a tissue is in proportion to its mast 
cell content. Certain animals, such as dogs 
and cattle, develop tumours composed of mast 
cells and these have a very high histamine 


Fic. 6.—Mast cells filled with granules lying in the 


muscle layers of the small intestine. Toluidine 


blue. 315. 
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content. The injection of histamine causes 
contraction of smooth muscle and it is tempting 
to suggest that these cells may be concerned with 
intestinal motility. 


In this paper I have attempted to give an 
account of the microscopic structure of the 
normal small intestine together with some 
remarks on how these appearances may be 
affected by disease. The large gaps in our 
knowledge are partly due to the relative 
inaccessibility of the small intestine to clinical 
investigation and partly to the fact that 
pathologists have in the past only had _ post- 
mortem material available for study. This is 
notorious for giving erroneous histological 
impressions as autolysis of the mucosa occurs 
very rapidly after death. However, the increasing 
amount of surgical material available together 
with the introduction of small intestinal biopsy 
leads one to hope that the large gaps in our 
knowledge of small intestinal pathology may be 
narrowed in future years. 
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Small Intestinal Biopsy: Diagnostic and 
Research Value 


By MARGoT Suiner,' M.R.C.S., L.R.C.P., 
D.C.H. 


Department of Gastroenterology, 
Central Middlesex Hospital, London 


214 peroral small intestinal biopsies were 
obtained from 193 patients during the past 
three years and the method employed (Shiner, 
1956) has proved safe and reliable. The tube 
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devised for this purpose (Fig. 1) is a modification 
of Wood’s gastric biopsy tube (Wood ef al., 
1949) and operates on a similar principle, whereby 
a knuckle of mucosa is sucked into the aperture 
at the head-end of the instrument to be cut off by 
a cylindrical knife within the headpiece which is 
operated at the tail-end of the instrument. 
Progress of the headpiece is followed fluoro- 
scopically and biopsy specimens are taken either 
from the duodenum or upper 12 inches (30 cm.) 
of jejunum. A recent modification of the head- 
piece (Fig. 2) by shortening the vertical and 
horizontal dimensions, together with a longer 
and more flexible tube, will enable us to biopsy 
more distal parts of the small intestine. 


Fic. 1.—Jejunal biopsy tube—original headpiece. 


The method thus described can be used as an 
out-patient procedure, and takes from half to 
three hours to accomplish. No special pre- 
paration of the patient is necessary other than 
fasting for at least three hours prior to intubation. 
In special gastroenterological clinics it may be 
used routinely. Complications so far encountered 
consisted of melena of only moderate amount, 
not requiring blood transfusion, in 3 of the 193 
patients biopsied. 

Several mucosal specimens are obtained from 
the small intestine and gastric mucosa can be 
biopsied at the same time. These specimens 
vary from 3-10 mm. in length and include full 


Fic. 2.—Jejunal biopsy tube—modified headpiece. 
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thickness mucosa, muscularis mucose and 
usually a small amount of submucosa. Jejunal 
juice collecting inside the tube may be sampled 
for pancreatic enzyme estimation. 


Fic. 3.—Normal jejunal mucosa. H.and E. « 22. 


THE NorMat Mucosa (Fig. 3) 


The mucosal specimens of the duodenum and 
upper jejunum were studied in 44 patients 
without obvious disease of the small intestine, 
as judged by barium meal and follow through, 
as well as by biochemical tests (Doniach and 
Shiner, 1957; Shiner and Doniach, 1958). 
These show on the whole long, narrow villi, 
though variation in height and width of the 
individual villus, branching, joining and 
occasional clubbing are not unusual features. 
The covering cells of the villi are tall columnar 
cells with basal nuclei arranged in rather regular 
fashion. Villous height is roughly two-and-a-half 
times that of the total mucosal thickness. The 
rest of the mucosa contains the crypts and 
glands of Lieberkiihn, whose cells show active 
mitosis and are thought to be the precursors of 
villous cells. Lymphocytes, plasma cells and a 
few eosinophils are seen in variable amounts in 
the villous and interglandular stroma. 


MucosAL ABNORMALITIES 


Interest in the small intestinal mucosa in 
steatorrhaea was first aroused by Paulley (1954) 
when he demonstrated mucosal atrophy in 
4 patients in whom laparotomy specimens of 
the small intestine were obtained. 

65 patients with steatorrhcea were studied by 
Shiner and Doniach (1958) and placed into 
various clinical groups; 10 more have been 
added since (Table I). The decision as to which 
type of steatorrhoea the patient belonged to was 
made on strict clinical, biochemical, radiological 
and hematological grounds and those cases in 
whom doubt existed were placed into the 
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Taste I 
Number of 
Clinical groups patients 
1. Idiopathic steatorrhaa 23 
2. Ceeliac disease 1 
3. Tropical sprue ee 4 
4. Pancreatic steatorrhaa’ 
5. Postgastrectomy steatorrhaa 
6. Steatorrhaa following small intestinal 
resection 3 
7. Jejuno-ileitis with steatorrhaa 7 
8. Whipple's disease ae 2 
9. Mild steatorrhea with marked hypo- 
10. Jejunal diverticulosis with steatorrhera . . 1 
11. Unclassified steatorrhaas . . ™ 


unclassified group. Idiopathic steatorrhoea was 
further subdivided into: 


a) Adult idiopathic steatorrhaa (1.8.) with 
history of coeliac disease . : .. 4 patients 


(6) Adult 1.8. with presumptive history of 
coeliac disease or family history of 1.8... 4 patients 


(c) Undoubted adult 1S. without history of 
catliac disease . 15 patients 


Two types of mucosal abnormalities were 
found in steatorrheea as a whole (Fig. 4): partial 


Fic. 4.—Partial villous atrophy. H. and E. ~~ 27. 


villous atrophy in which the villi were short and 
clubbed with a reduction in villous cell height 
and irregularity of cell nuclei. Tne mucosal 
thickness, comprising the glandular layer, 
however, was increased due to an actual 
hyperplasia of the glands of Lieberkiihn. The 
ratio between villous height and mucosal 
thickness was found to be reversed, the average 
villous height being less than the mucosal 
thickness. No marked excess of inflammatory 
cells were observed. 

Fig. 5 demonstrates the other abnormality we 
have called subtotal villous atrophy. The villi 
are extremely short and flat or non-existent. 


q 
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Fic. 5.—Subtotal villous atrophy. H. and E. 


Again there is irregularity of villous cell height 
and cell nuclei, increase in mucosal thickness 
and glandular hyperplasia. 

Of the 23 patients with idiopathic steatorrheea, 
21 showed subtotal villous atrophy and the 
remaining 2 partial villous atrophy. Only 2 
patients outside the idiopathic group, but 
excluding the unclassified group, had subtotal 
villous atrophy. One of these belonged to the 
postgastrectomy group, the other to the tropical 
sprue group. Partial villous atrophy, apart from 
the 2 patients with idiopathic steatorrhaea, was 
observed in one case with postgastrectomy 
steatorrheea, 2 cases of tropical sprue, | case of 
tuberculous enteritis, 1 case diagnosed as a 
“loop syndrome”, and | case of malnutrition 
and steatorrheea. All these 6 patients in whom 
the diagnosis was not idiopathic steatorrhoea had 
macrocytic anemia at the time of biopsy. In 
5 of these, repeat biopsies were carried out after 
treatment and showed villous regeneration. The 
preparation used in all cases was folic acid. By 
contrast, repeat biopsies in the idiopathic group 
after treatment with folic acid, vitamin By», 
gluten-free diet, antibiotics or steroids, either 
singly or combined, failed to show any histological 
improvement. 

Sakula and Shiner (1957) reported the only 
case of coeliac disease subjected to small intestinal 
biopsy. The mucosa showed subtotal villous 
atrophy, not improved by five weeks’ treatment 
with gluten-free diet as shown by repeat biopsy. 
Eighteen months later, however, repeat biopsy 
showed possible improvement. 

Normal mucosal biopsies were obtained from 
all of 9 patients with pancreatic steatorrhea, 
and all of 7 patients with jejuno-ileitis accom- 
panied by steatorrhceea. Only 2 of the 15 
patients with postgastrectomy  steatorrhoea 
showed an abnormal mucosa. In the remaining 
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13 normal mucosal pattern was seen. In the 2 
cases of suspected Whipple’s disease, or intestinal 
lypodystrophy (Fig. 5), small intestinal biopsy 
showed mucosal infiltration with macrophages 
giving the classical staining reaction to periodic 
acid Schiff. 


DIAGNOSTIC APPLICATION OF SMALL INTESTINAL 
Biopsy 


The clinical diagnosis of idiopathic steatorrhcea 
is arrived at by a process of exclusion. The term 
simply means that no cause for the steatorrhcea 
has been found. It has often been argued whether 
idiopathic steatorrhoea constitutes a_ clinical 
entity at all or whether it embraces a multitude 
of conditions under the same name. In this term 
we include those adults in whom we obtain a 
clear history of coeliac disease in childhood as 
well as those in whom the onset of steatorrheea 
and other clinical symptoms does not occur 
until an advanced age. The distinction between 
idiopathic and pancreatic steatorrheea is not 
always clear on clinical grounds and pancreatic 
function tests are notoriously difficult to interpret. 
Diverticuli of the small intestine giving rise to 
steatorrhcea may be missed on X-ray of the small 
bowel and the differential diagnosis between 
idiopathic steatorrhesa and regional ileitis or 
jejunitis may likewise present difficulties. It is 
not impossible that partial gastrectomy could 
trigger off symptoms in a patient with “latent” 
idiopathic steatorrhaea and indeed some evidence 
to this effect was demonstrated (by Dr. D. L. 
Mollin) by malabsorption of vitamin B,. with 
and without addition of intrinsic factor in our 
postgastrectomy patient in whom subtotal 
villous atrophy was seen on first and several 
repeat biopsies. 

The 23 patients clinically placed into the 
idiopathic steatorrhoea group represent perhaps 
the most homogeneous group of idiopathics one 
could hope for, the doubtful cases being regarded 
as unclassifiable. This group was used as a basis 
for histopathological studies. It is therefore not 
surprising that villous atrophy was uniformly 
found. This picture of villous atrophy and 
glandular hyperplasia is non-specific, patho- 
logically speaking and may well represent an 
end-result of an unknown primary process. It 
is, however, confined to the steatorrheea group, 
as judged by present experience of biopsies taken 
in various diseases affecting the small bowel, and 
more specifically to a certain group of steatorrheea 
which we have called idiopathic. A _ further 
distinguishing feature is its irreversibility after 
treatment. It is too early to state dogmatically 
that villous atrophy will be found in all patients 
in whom no obvious cause for their steatorrheea 
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can be found, even after most careful search 
which might include diagnostic laparotomy. 
Because a clinical basis of classification of the 
idiopathic steatorrheea is too uncertain, and this 
includes, at the present state of our knowledge, a 
classification according to response to gluten-free 
diet, I should like to suggest a classification of 
Steatorrheea based on pathological grounds 
(Table II). Such a classification, though incom- 


TABLE II,—SuGGeESTED CLINICO-PATHOLOGICAL CLASSIFICATION 


1. Steatorrhaa with intramucosal abnormalities 
a) Idiopathic steatorrhaea—irreversible 
6) Ceeliac disease— ? reversible 


c) Certain secondary steatorrheeas with macrocytic 
anemia (including tropical sprue)—reversible 
d) Whipple’s disease 
2. Steatorrhea without intramucosal abnormalities 
a) Pancreatic steatorrhaa 
56) Most postgastrectomy steatorrharas 
¢) Jejuno-ileitis with steatorrhaa 


plete, would have its greatest usefulness in the 
diagnosis of that group of steatorrheea hitherto 
loosely put together under the label “idiopathic”. 

The finding of a characteristic mucosal 
appearance in the 2 cases of Whipple’s disease 
suggests another diagnostic application of peroral 
mucosal biopsy. This has been confirmed by 
other workers in America, using the same 
technique. The patient would not only be spared 
a diagnostic laparotomy, but would also be given 
the chance of early treatment with steroids which, 
according to some authors (Wang et al., 1956), 
are more effective in the early stages of the 
disease. 


RESEARCH POSSIBILITIES OF SMALL INTESTINAL 


Biopsy 

Equally interesting are the possibilities for 
research into the small intestinal function. The 
influence of folic acid on villous cell regeneration, 
as Observed in some of the cases with macrocytic 
anemia described, deserves further investigation. 
We have noted that villous atrophy is associated 
with an actual hyperplasia of the glands of 
Lieberkiihn. It is known that the gland cells, 
by continuous division, are responsible for 
villous cell formation. Mitosis, a conspicuous 
feature of the gland cells, is absent in the villous 
cells. The turnover of cells at the glandular 
level is one of the most rapid in the body and 
comparable to that found in the hemopoietic 
cells of the bone-marrow. Repeat biopsies three 
to four weeks after commencement of folic acid 
therapy in those patients with previous partial 
villous atrophy and macrocytosis showed 
increased mitosis in the gland cells coincident with 


villous regeneration. This suggests a deficiency 
state of folic acid, local or general, at the 
glandular cell level where folic acid is required 
for nucleosynthesis. Further support of this 
theory is found in the villous atrophy observed 
by Vitale ef al. (1954) in rats, following the 
administration of Aminopterin (4-amino-pteroyl- 
(L) + glutamic acid). 

Small intestinal mucosal biopsy should be 
carried out in patients receiving Aminopterin in 
myeloid leukemia and also on patients developing 
folic acid deficiency following anti-convulsive 
drug therapy (Hawkins and Meynell, 1958). 
The anemias of tropical sprue, pregnancy and 
malnutrition associated with macrocytosis and 
folic acid deficiency should likewise be investi- 
gated by intestinal biopsy before and after 
treatment with folic acid. 

Despite the outward similarities of the villous 
atrophy and glandular hyperplasia in idiopathic 
steatorrhoea to that observed in the secondary 
steatorrhoeas with macrocytosis as described, 
except for one of degree, we find the mucosa in 
the former insensitive to folic acid. This occurs 
in spite of the findings by Chanarin er al. (1958) 
that malabsorption of folic acid occurs in 
idiopathic steatorrheea. It is possible that the 
difference lies in the advanced stage of villous 
atrophy as found predominantly in this group or, 
perhaps more likely, in the lack of an additional 
factor, as yet unknown, which is necessary to 
bring about normal villous cell formation. In 
this connexion it may be recalled that the 
elimination of gluten from the diet of idiopathic 
steatorrheea patients, although accompanied by 
considerable clinical, haematological bio- 
chemical improvement, fails to alter the 
histological picture. Much interest lies in the 
mucosal pattern in ceeliac disease; our case 
showed mucosal atrophy. It is possible that here 
the histopathological changes in the early cases 
could be reversed by gluten-free diet which is so 
uniformly effective clinically. Although definite 
proof was lacking in our case after five weeks 
of this diet we were satisfied that gluten-free diet 
had produced minor changes in the appearances 
of the small intestinal mucosa after eighteen 
months. 

Finally it seems worth while to discuss certain 
“negative” but none the less important 
observations which have emerged from this 
biopsy study. Much has been said and written 
on the subject of duodenitis in connexion with 
duodenal ulcers, pancreatic or cholecystic disease 
and of jejunitis, particularly in connexion with 
regional enteritis. In our studies (Doniach and 
Shiner, 1957; Shiner and Doniach, 1958) we have 
been unable to recognize any specific disease 
entity in which mucosal infiltration has been the 
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prominent feature. This is in contrast to gastric 
mucosa where inflammatory cell infiltration is at 
least a well-defined pathological feature. Further 
comparison between biopsy specimens obtained 
from the stomach and small intestine of any one 
patient has confirmed the impression that these 
two types of mucosz are, pathologically speaking, 
differently affected by the same disease. For 
example, atrophy of the gastric mucosa in 
pernicious anemia was associated with normal 
small intestinal mucosa in all of 8 patients 
investigated. 6 patients with idiopathic 
steatorrheea, in whom partial or subtotal villous 
atrophy was shown on small intestinal biopsy, 
were found to have, with one exception, normal 
gastric mucosal biopsies. 

It is well recognized that detailed study of 
autopsy material of the small intestinal mucosa 
is impractical owing to rapid setting in autolysis 
and that laparotomy specimens of this tissue are 
too rarely obtained to be of use for research 
purposes. With the peroral biopsy technique 
we can obtain, for the first time, adequate mucosal 
tissue suitable for detailed histological, histo- 
chemical and _ electron-microscopical studies. 
Another interesting new field for research could 
be found in autoradiographic studies of the 
mucosal specimens following radioactive labelling 
of fats or folic acid. In this way it is hoped to 
achieve new understanding of the function of the 
small intestine as well as its behaviour in disease. 


SUMMARY 


The technique of obtaining peroral small 
intestinal mucosal biopsies is discussed. The 
appearance of the normal mucosa is compared 
with the pathological findings of villous atrophy, 
partial or subtotal, found in various types of 
steatorrheea only. The diagnostic and research 
applications of the method are outlined. Certain 
“negative” but important findings are described. 
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Radiology in Diseases of the Small Bowel 


By F. Pycott, M.B., Ch.B., D.P.H., 
D.M.R.E. 


Central Middlesex Hospital, London 


THE main methods of radiological investigation 
available in the examination of the small intestine 
are plain radiography of the abdomen and 
barium contrast examinations using techniques 
appropriate to the condition suspected. 

A clinician referring a patient for radiological 
investigation of the small bowel should have 
definite possibilities in mind and should com- 
municate these to the radiologist before he 
commences the examination, otherwise much 
small bowel pathology is missed. Close clinical 
and radiological collaboration is infinitely better 
than a spate of requests for “routine barium meal 
and follow-through, please’. Detailed small 
bowel examination is time-consuming, wearisome 
and expensive. Fragmentary examination may 
miss the crucial point very easily. 

Patients with small bowel disorders commonly 
present for radiological examination on account 
of abdominal pain or discomfort, obstructive 
symptoms (vomiting, &c.) or diarrhea. Less 
often they are referred on account of frank or 
occult melz#na, anemia secondary to this or to 
a deficiency state, or an abdominal mass, or for 
some complication of the primary condition (as 
for example pneumaturia due to vesical fistula). 

I shall describe a series of cases related to 
prime symptoms in which radiological investiga- 
tions may play an important part in the diagnosis. 


CASES WITH ABDOMINAL PAIN AS THE IMPORTANT 
PRESENTING SYMPTON 


Case I.—A young man of 26 returning home late 
at night rode his motor-cycle into a brick left on the 
road. He was thrown forward on to his handle 
bars, striking his lower abdomen. He was admitted 
to hospital with multiple abrasions and complaining 
of lower abdominal pain. Close examination did 
not at first suggest any intra-abdominal lesion and 
it was twenty hours later that he was radiographed. 
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The films show jejunal distension and free gas beneath 
the diaphragm. Laparotomy at twenty-four hours 
revealed two one-inch diameter perforations in the 
jejunum, just beyond the duodeno-jejunal flexure. 
A limited resection was performed successfully. 
The discovery of free gas beneath the diaphragm was 
recorded in the notes with a mark of exclamation. 


Post-gastrectomy pain is most often due to 
stomal ulcer and the pre-operative diagnosis is 
predominately radiological. Recurrent stomal 
ulcerators present their own peculiar difficulties. 


Case I11.—Duodenal ulcer symptoms began in 1940 
when the patient was 16. Perforation and hematemesis 
occurred in 1942. A partial gastrectomy was per- 
formed in 1948. A second partial gastrectomy and 
vagotomy followed in 1950. A gastrocolic fistula 
developed in 1952 and he had an operation for its 
closure. A second vagotomy for stomal ulcer was 
performed early in 1954, and a third subtotal gas- 
trectomy was carried out later that year. A total 
gastrectomy was performed in 1955. All the gas- 
trectomies except the first were for proved stomal 
ulcer. For the past three years he has been suffering 
from steatorrheea and has recently been in hospital 
again. Large stomal ulcers were demonstrated after 
each partial gastrectomy and his gastrocolic fistula 
was shown by barium enema examination. 


Case I11.—A man of 35 had a three-year duodenal 
ulcer history with looseness of the bowels and 
occasional meleana. A barium meal examination 
showed a large jejunal ulcer (Fig. 1) with constriction 
of the lumen and cedematous thickening of the 
jejunal mucosa, a hypersecretion effect. There was 


Fic. 1 (Case I11).—A man of 35 years with a large 
peptic ulcer of the jejunum. Note the associated 
constriction and hypertrophy of the mucosal folds. 


well-marked clumping of barium in the lower ileum 
resembling a steatorrhaxa. Three weeks after total 
gastrectomy the small bowel appearances had 
returned almost to normal. 


Case 1V.—A woman of 47 years was thought to be 
suffering from Addison’s disease on account of her 
lassitude, hypotension, pigmentation and ameno- 
trhcea. She had bouts of griping abdominal pain. 
Barium meal examination showed a Crohn's lesion 
in the ileum and two years later duodenal intubation 
and small bowel enema, using the technique of 
Schatszki (1943), showed the lesions to better 
advantage. 


Case V.—1 am indebted to Dr. Martin Spiro for 
this case (Spiro, 1954). An elderly woman com- 
plained of abdominal pain for three years and more 
recently of melana. A barium meal examination 
was negative but a small bowel enema through a 
duodenal tube showed an annular constriction in the 
upper jejunum without any hold-up. Resection of 
a jejunal carcinoma was later carried out. 


Case VI.—A woman of 26 had had abdominal pain 
and diarrhoea for three years. Barium meal examina- 
tion showed constricted areas in the jejunum with 
destruction of mucosal pattern due to Crohn's 
disease (Fig. 2). 


Case VII.—A boy of 17 had abdominal pain for 
three years with alternating constipation and 
diarrhoea. Two years before the examination he had 
an ileo-transverse colectomy, for Crohn’s disease in 
the ileum. Recently he had frequency and pneuma- 
turia. A barium meal demonstrated lower ileal 
constriction and some filling of the sigmoid colon 
from the ileum. A_ barium enema examination 
showed involvement of the sigmoid and a track 
leading from it towards the ileum which was later 


Fic. 2 (Case VI).—A woman of 26 years with 
multiple strictures in her jejunum due to Crohn's 
disease. 
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filled from the sigmoid, thus confirming the presence 
of an ileo-sigmoid fistula. The vesical fistula was 
not shown. 


Ileal and sigmoid disease is commonly asso- 
ciated in Crohn’s disease and may well be due to 
contact involvement. 


CASES WITH OBSTRUCTIVE SYMPTOMS 


Among these are some neonatal cases in whose 
investigation I have been happy to be associated 
with Dr. J. Sakula. 


Case VIII_-A 4-day-old baby, who on day | 
passed a little meconium but none thereafter, com- 
menced vomiting on day 3. On day 4 the vomit 
was blood-stained and abdominal distension was 
present. Plain films of the abdomen showed 
enormous dilatation of the small bowel and meconium 
was visible in the loops. Laparotomy on day 4 
showed huge dilatation of the small bowel as far as 
the ileo-cecal junction with volvulus of it. The 
large bowel was empty. Attempts to empty the gut 
failed and death occurred on day 5. Autopsy showed 
fibrocystic disease of the pancreas. 


Case 1X.—A full-term infant yomited with every 
feed from birth and the vomit became bilious. On 
day 5 the abdomen was somewhat distended. A plain 
film of the abdomen showed that the distension was 
gastric and duodenal only and very little gas was 
visible elsewhere. A barium feed showed total 
obstruction in the distal duodenum which was drawn 
downwards. Laparotomy by Mr. J. D. Fergusson 
showed a 360-degree volvulus of the small bowel with 
tight adhesions at the duodeno-jejunal flexure. The 
small bowel and colon were collapsed. The adhesions 
were divided, the volvulus undone and immediately 
the small bowel began to dilate: subsequent progress 
was good. 


Case X.—A 2-day-old girl had had a normal 
delivery but at birth the liquor amnii was excessive in 
amount and was deeply yellow in colour. The infant 
vomited immediately a large quantity of fluid 
resembling the liquor and continued to do so for the 
whole of day 1. On day 2 she was vomiting darker 
fluid and the abdomen was distended. Meconium 
was not passed and rectal examination showed some 
granular fecal material. 

The family history was interesting. Her mother 
had had infantile pyloric stenosis operated upon at 
5 weeks old and a maternal aunt had a congenital 
volvulus of the small bowel operated upon success- 
fully in the neonatal period. 

Plain films of the child’s abdomen showed dis- 
tended small bowel with fluid levels (Fig. 3). 
Laparotomy by Mr. J. W. P. Gummer revealed 
atresia of the ileum about 18 in. (45 cm.) above the 
ileo-cecal junction. Resection of 12 in. (30 cm.) of 
ileum was required as gangrene was present in the 
bowel above the obstruction. Progress was good. 


Case XI.—A 5-week-old infant was normal at birth 
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Fic. 3 (Case 
obstruction due to atresia. 


X).—A 2-day-old infant with ileal 


and for two weeks thereafter. Transitory bilious 
vomiting lasted for a few hours on the fourteenth day. 
Recovery was apparently complete and normal 
feeding continued to the age of 4 weeks when bilious 
vomiting returned and persisted. There was no 
gross abdominal distension. Barium feed showed 
dilatation of the stomach and duodenum to the 
middle of the third part where obstruction was 
almost complete. The small bowel was shown 
collapsed, a very little colon gas was seen. Lapar- 
otomy by Mr. T. G. I. James showed malrotation of 
the small bowel with abnormal cecal and jejunal 
fixation. This was corrected and progress was 
excellent. 


Spontaneous remission of symptoms may be a 
feature of adult small bowel volvulus also. 


Case XII.—A man of 60 was admitted with severe 
pain in the right iliac fossa with vomiting of four 
hours’ duration; there was accompanying tenderness 
and rigidity. Laparotomy revealed no abnormality 
and a normal appendix was removed. There was 
no pain post-operatively and bowel sounds were 
audible but bowel action was unsatisfactory and 
abdominal distension developed. Suddenly on the 
eighth day the wound burst discharging pus and the 
patient collapsed. Plain films of the abdomen then 
showed gross distension of the small bowel with fluid 
levels present, the loops of small bowel were in the 
right side of the abdomen. Laparotomy revealed 
volvulus of the whole of the small bowel except for 
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the upper 2 ft. (60 cm.) and lowermost 6 in. (15 cm.). 
Progress was extremely unsatisfactory with death in 
the eighth week. 


In some instances it is possible to see the 
obstructing cause in the plain film of the abdomen. 


Case XI11.—A woman of 60 years was admitted 
with subacute obstruction which became acute 
twenty-four hours later. Plain films of the abdomen 
showed an irregularly rounded intraluminal mass 
proximal to which the small bowel was distended, and 
beyond which there was no gas shadow (Fig. 4). At 


_ Fic. 4 (Case XI11).—A woman of 60 years with 
jejunal obstruction due to an impacted concretion of 
food debris. 


laparotomy this mass was found to be an impacted 
concretion of food debris associated with a local 
area of jejunitis which was not visible at a barium 
meal examination two months later. 

Gas in the biliary tract with a small bowel 
obstruction usually implies impacted gall-stone 
as a cause, unless an artificial fistula with the 
biliary tract is known to be present. 


Case XIV illustrated the presence of gas in the 
biliary tract due to small bowel obstruction by gall- 
stones. 


Case XV.—Small bowel neoplasm producing an 
obstruction may simulate simpler causes as in a man 
of 65 with a carcinoid of his terminal ileum. 


Cases PRESENTING WITH DIARRHEA 


Case XVI.—A woman of 27 had 18 ft. (5-4 m.) of 
small bowel resected for a massive mesenteric 
thrombosis two years before I examined her. She 
had twelve or more offensive stools daily and her 
hemoglobin was 30°;. Barium meal examination 
showed the whole of the remaining small bowel and 


proximal colon outlined within fifteen minutes. 
There was no time for absorption to take place, 


Extensive small bowel diverticulosis is often 
accompanied by steatorrhaea-like symptoms. 


Case XVII.—A man of 80 years had persistent 
diarrhoea and anemia for two or three years. Barium 
meal examination showed innumerable diverticula in 
the small bowel (Fig. 5) and the presence of these 
was confirmed at autopsy. Death was due to inter- 
current bronchopneumonia. 


Case XVIII.—The case of a woman of 70 years in 
whom many much larger diverticula were present, 
was reported by Scott (1950). 

The fluid levels in these large diverticula may 
give rise to the erroneous radiological suggestion 
that the patient is obstructed. 


Case X1X.—Steathorreea appearances were well 
shown in a man of 48 years whose diarrhoea followed 
pancreatectomy for carcinoma. Similar appearances 
were illustrated in 2 cases of idiopathic steatorrhoea in 
women of 66 and 72 (Cases XX and XX1). 


CROHN’S DISEASE 
Table I summarizes the incidence of Crohn’s 


1.—AGeE AND Sex INCIDENCE oF Cases OF CROHN'S 
Disease Seen 1048-1055 


Male Female Total 


Under 25 
25-34... 


5 

Nil 

! 

| Nil 


Totals | 2 | 32 


75-84... 
85 and over .. 


disease in my experience over the ten-year period 
1948 to 1958. Cases are equally numerous by 
decades to the age of 45 and the sex distribution 
is nearly equal. The following illustrative cases 
presented with diarrhoea. 


Case XXI1.—Barium enema examination in a man 
of 24 with two years’ symptoms showed lower ileal 
and right colon involvement. Laparotomy and ileo- 
colectomy followed, but five years later a barium 
meal examination showed ileal involvement proximal 
to the anastomosis. 


Case XXIII_—A man of 22 with symptoms for 
two years; his barium meal examination exemplifies 
one of the practical difficulties in the diagnosis. The 
small bowel above the area grossly involved was 
dilated and reluctant to empty and so the worst 
affected area was difficult to demonstrate. Prolonged 
observation showed no change in the distribution of 
the barium, subsequent passage through the con- 
stricted area was rapid and it would have been easy 
for the favourable moment for its examination to have 
been lost. 
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Fic. 7 (Case XX X1).—A man of 83 years with 
calculi in a Meckel’s diverticulum. 


Fic. 5 (Case XVI1).—A man of 80 years with a very 
large number of diverticula in his small bowel. 


Fic. 6 (Case XX VII).—A man of 33 years with a Fic. 8 (Case XX X11).—Barium enema in a woman 
large neoplastic ulcer of the jejunum. of 62 years with Crohn’s disease of ileum and colon 
showing the presence of a sigmoid-vesical fistula. 
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Case XX1V.—The lower ileum was grossly con- 
stricted in a woman of 55 years but a Meckel’s 
diverticulum was by-passed by the disease. The 
gross constriction extended for about 1 ft. (30cm.) 
but at laparotomy cedematous changes wete present 
in the bowel wall for at least 3 ft. (90 cm.) higher up 
the ileum. 


Case X XV.—Barium meal examination in a man of 
25 years showed lower ileal constriction with internal 
fistulae to the sigmoid colon which were later con- 
firmed at laparotomy. 


It is rare to find very gross ileal distension in 
an obstructive lesion but Case XXVI is an 
example. 


Case X XVI.—A man of 55 had had resection of his 
cecum and ascending colon for tuberculous disease 
nine years ago. He now complained of diarrhoea, 
lost of weight and skin pigmentation. Plain films of 
the abdomen showed gross distension of the small 
bowel with fluid levels but gas was present in the 
colon. A barium meal examination showed enor- 
mous dilatation of the lower ileum with constriction 
at the site of the anastomosis. Histology of the 
excised stricture and dilated ileum was indeterminate 
and might have been due either to Crohn’s disease 
or to tuberculosis; no tubercle bacilli were found. 

Frank melena in the absence of radiological 
evidence of oesophageal, gastric or duodenal 
abnormalities when combined with negative 
gastroscopic findings should always raise a 
suspicion of small bowel neoplasm. 


Case XXVII.—A 33-year-old coal-carter com- 
plained of lassitude, pallor and dark motions for a 
year. A central abdominal mass was palpable. 
Barium meal examination showed gross irregularity 
in a loop of upper jejunum which was displaced 
forwards (Fig. 6). Laparotomy by Mr. J. W. P. 


Gummer showed a large ulcerating jejunal carcinoma 
with glandular mesenteric involvement. 


Case XXVIII_—A very fat woman of 76 had had 
melzna off and on for six years. Recent regurgitation 
and heartburn suggested the presence of a hiatus 
hernia. Barium meal examination showed some 
duodenal dilatation and an annular constriction in the 
uppermost jejunal loop. This carcinoma of the 
jejunum was also excised by Mr. Gummer. 


MISCELLANEOUS CASES 


Cases XXIX and XXX.—A man of 29 and a 
woman of 23 examined by barium meal showed the 


presence of numerous roundworms in the small 
bowel. 


Case XX X1.—A man of 83 succumbed to a urinary 
infection. The calcified opacities shown in the plain 
film of his abdomen are fecoliths in a Meckel’s 
diverticulum (Fig. 7). A similar case has been 
reported by Boldero (1958). 


Case XX X11.—A woman of 62, who was known to 
have Crohn's disease for many years, complained of 
pneumaturia. Barium meal examination showed 
gross ileal involvement and a barium enema showed 
a vesico-colic fistula (Fig. 8). 


Case XXXII1—A child of 7 months presented 
with a huge hard central abdominal mass. A plain 
film of her abdomen showed virtually no gas in the 
intestine. Barium meal examination showed that 
the mass was displacing the whole of the small bowel 
upwards and backwards and one loop of jejunum was 
markedly stretched out round a portion of it (Fig. 9). 
Laparotomy by Mr. T. G. I. James revealed a mesen- 
teric fibroma which was removed satisfactorily. 
Five-year follow up has revealed no untoward 
development. 


Fic. 9 (Case XX X111).—A child of 7 months with a large mesenteric fibroma which has button-holed 
one arcade and stretched out the corresponding loop of small bowel. 
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Case XXXIV.—A case of “organic hysteria” 
recorded by courtesy of Dr. Richard Asher. A woman 
of 44 literally starved herself to death over a period of 
five years during which she lived in a dirty and 
neglected state in one room. Her weight three 
months before death was 4} st. and this included a 
good deal of famine cedema. Radiographs of her 
dorso-lumbar spine showed extreme osteoporosis and 
a senile type of kyphosis. At autopsy no organic 
abnormality was found apart from the extreme 
emaciation. Clearly her small bowel suffered from 
having nothing to do and so did she. 
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DisCUSSION 


Dr. J. W. Paulley: I should like to thank Dr. 
Shiner for her kind references to my earlier work on 
jejunal biopsy at laparotomy (Paulley, 1952, 1954). 
But Knud Faber (1904) and Justi (1913) first dis- 
covered these histological abnormalities, and Thin 
(1890) and Mansor-Bahr (1912-14, 1924) did so in 
tropical sprue. These . observations were contra- 
dicted by Thaysen (1932) for the non-tropical disease, 
and by Fairley (1936) for sprue. For many years 
afterwards, and until we began to examine biopsy 
material, it was believed that there was no specific 
histological lesion in these disorders. 

My own recent study (Paulley, 1958) of 200 
specimens of jejunal biopsies taken at the operation 
of gastrectomy has given me an idea of the normal. 
It is against this background that I suggest there may 
be some mucosal abnormality in post-gastrectomy 
steatorrheea, and that at present it is important to 
keep an open mind on this matter. It is equally 
important to do so on the question of whether the 
mucosal abnormality in idiopathic steatorrhcea is 
always irreversible as has been suggested here and 
in the U.S.A. It is far too early on the limited 
evidence available for anyone to be dogmatic on these 
points, and premature attempts to do so may mislead 
investigators everywhere. 

The abnormality I have found in post-gastrectomy 
steatorrheea is not of the same degree as that found in 
idiopathic steatorrheea. It is most commonly a true 
atrophy with widely spaced, irregular-shaped, villi 
with crenated borders, and pointed tips resembling 
Christmas trees. The glandular layer is shallow, and 
cellular infiltration variable in amount. I have some 
evidence that the severest cases of post-gastrectomy 
steatorrheea may be latent examples of idiopathic 
steatorrheea prior to operation. 

Concerning my second point, I have a tube biopsy 
of an adult coeliac taken two and a quarter years after 
full remission on gluten-free diet, vitamins and iron. 
This section has been passed by many people as 
normal; in my view it is not normal, but the abnormal- 
ity is not serious. 


(Slides were shown to illustrate these points.) 
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Sprue 


Mr. Irvine Smith: Dr. Rowland’s decision to exclude 
discussion of motility from his carefully planned 
review of the clinical aspects of small bowel function 
seems justified because we still know so little on this 
subject. However, study of motility in the esophagus, 
cardia, pylorus, colon and anal canal has already 
proved helpful to the clinician as well as interesting 
to the physiologist. Unfortunately small bowel 
motility has remained obscure because of difficult 
access, inadequate apparatus and confusing records. 

I was able to study motility in the intact small 
intestines of unanesthetized dogs in the Mayo Clinic 
Laboratories using serial balloons only 1 cm. in 
diameter and 1-5 cm. apart, and open-ended tubes. 
1 found three distinct types of waves: 

(1) The small waves were present throughout most 
of each experiment. The intraluminal pressure 
usually rose by 10 to 30 cm. H,O. In the jejunum 
these waves were very regular (18 to 21 waves min.) 
and proceeded 3 to 9 cm. or farther down the bowel 
at speeds varying from 2 to 15 cm./sec., apparently 
propelling intestinal contents forwards. In the ileum 
the same waves were slower, inco-ordinated, less 
regular, and apparently well adapted for mixing 
bowel contents. 

(2) The compound waves were groups of small 
waves which raised the bowel tone for periods 
varying from 30 seconds to 15 minutes. They were 
propagated quite slowly (2-8 cm./min.). Other 
workers have already shown that these waves appear 
after stretching or other local stimulation of the 
bowel, and that they propel boli slowly forwards. 


(3) The peristaltic rush (“The Post Mortem Wave” 
of Mall, 1896) was produced by injection of morphia, 
but was not seen spontaneously in healthy animals. 
It is characterized by its very high amplitude (some- 
times exceeding 300 cm. H,O), its rapid propagation 
(2-10 cm./sec.) and the wave of relaxation which 
invariably precedes it. Before dogs vomited (after 
morphia) this wave passed along the jejunum towards 
the duodenum. 

Although we still know relatively littke about the 
behaviour of small bowel contractions, I believe 
that future research in this field will prove valuable 
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to clinicians and physiologists alike, as has already 
been the case in other parts of the alimentary canal. 
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Dr. B. C. Morson: | shouid like to comment on the 
histological changes seen in the small intestine of 
patients: with steatorrhoea. Such mild, chronic 
inflammatory changes with atrophy are found in 
both the small and large intestine when the bowel 
has been defunctioned or when there has been stasis 
of the intestinal contents. 1 wonder whether these 
histological changes in the mucosa are the primary 
lesion and whether the atrophic process also involves 
the muscle layers and the nervous or vascular tissue 
in the intestinal wall. 


Dr. T. Csato reported on a study still in progress 
on the effect of oral glucose on gastric and small 
bowel motility and its relation to the glucose tolerance 
curve. 

Standard records are: glucose tolerance curve, 
radiograph (barium), and radiograph (barium plus 
glucose). 

The investigation comprised 24 controls and 70 
patients who exhibited intermittent and incomplete 
symptoms of non-tropical sprue. 

The second group, 5-10 sec. after drinking 50 grams 
glucose in 4 oz. tapwater, showed rapid peristalsis 
and dilatation in the second and third part of the 
duodenum, elicited by glucose in the stomach 
(glucose-water was still seen floating on the barium). 
This was followed 30-60 sec. later by one or two 
deep, slow waves passing from the antrum towards 
the closed pylorus. As the second wave subsided 
the pyloric antrum was dilated and of deep hour-glass 
shape. 

The proximal jejunum reflects the duodenal response 
with intermittent departures, sudden arrests, and 
varying degrees of distension; and the meal pro- 
gressed. in some cases quickly filling the distal 
jejunum. In the majority the head of the meal 
halted at the end of the first jejunal loop from several 


minutes up to an hour. The motility changes after 
glucose showed that the bowel acted from the pylorus 
to the first loop of the jejunum as an independent unit. 
In some instances glucose had dramatic effect arresting 
hyperperistalsis in the entire jejunum. 

The mean maximum rise of the sugar tolerance 
curve in this group was 18 mg.°,. Some “curves” 
were straight horizontals, a few were inverted and 
the interference with peristalsis by glucose was 
directly related to its diminished absorption. Glucose 
tolerance tests without barium gave identical results. 

In the 24 controls motility was not altered by 
glucose and the sugar tolerance curves were within 
normal limits. 


Dr. M. Shiner: | am grateful to Dr. Paulley for his 
remarks, especially as his studies form the only 
means of comparison with those of Dr. I. Doniach 
and myself on the histopathology of the small 
intestinal mucosa. I agree with him that we should 
be careful about minor villous variations. At the 
present stage of our knowledge it is better to recognize 
the two extreme mucosal appearances, normal and 
partial or almost tota! villous atrophy, and to keep 
an open mind on the various deviations from the 
normal villi. 

The method by which mucosal specimens are 
obtained differs in Dr. Paulley’s and my own case. 
Both methods probably inflict some damage to the 
very fragile villous tissues. It is not impossible that 
this results in certain irregularities of the villi as 
observed by Dr. Paulley and ourselves. 

Replying to Dr. Morson’s comments, | do not really 
think that a “defunctioned” bowel can be responsible 
for the atrophic appearances of the villi and villous 
surface cells or the thickening of the mucosal layer 
with hyperplasia of the glands of Lieberkiihn, as seen 
in idiopathic steatorrhaea. It must be remembered 
that distinct cellular changes occur along with 
flattening of villi. Radiologically, the small bowel is 
usually dilated in idiopathic steatorrhaea and this may 
be due to lack of tone in the muscular coats or some 
degeneration within the muscular layers. It is 
noteworthy that no abnormalities have been seen 
in the muscularis mucos# in our cases. 
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Small Intestinal Polyposis 
By T. L. DormManpy, F.R.C.S.Ed. 


London 


FAMILIAL polyposis of the small intestine is 
probably no less common than familial polyposis 
of the colon; but only in recent years—as part of 
the Peutz-Jeghers syndrome—has it achieved 
comparable recognition. The Peutz-Jeghers syn- 
drome consists of polyposis of the gastro- 
intestinal tract and melanin pigmentation of the 
buccal mucosa, the face, and other parts of the 
skin (Peutz, 1921; Jeghers er al., 1949). 

The polyps of small intestinal polyposis, like 
those of familial polyposis of the colon, are true 
adenomas. In the small intestine they seem to 
arise from primitive adenomatous vesicles which 
lie embedded in the bowel-wall. Hundreds or 
thousands are usually grouped together over 
varying lengths of gut with normal segments inter- 
vening: though only a small proportion of them 
(sometimes only one or two) grow into naked-eye 
polyps, these microscopic adenomas are not above 
suspicion as a cause of symptoms and signs. The 
origin of the polyps from the deeper layers of the 
gut-wall probably accounts for the many histo- 
logical diagnoses of malignancy. Clinically, 
despite their undifferentiated appearance and 
apparent invasiveness, small intestinal polyps do 
not become malignant (Dormandy and Edwards, 
1956). This may seem remarkable considering 
that similar polyps in the colon—even in the same 
patient, and even though transmitted by the same 
gene—almost invariably become cancerous if 
left for long enough (Lancet, 1957; Dukes, 1958; 
Thompson, 1958). 

Gastro-intestinal  polyposis—of which small 
intestinal polyposis is the most constant feature— 
is usually associated with melanin-spots on the 
buccal mucosa, the lips, and the face; less com- 
monly on the fingers, the palms, and the soles of 
the feet; and very occasionally in other parts of 
the body. Both traits are transmitted as 
mendelian dominant characteristics; and it is rare 
for one or the other not to declare itself. The 
constant genetic association of two such strikingly 
different abnormalities is not unique: the syn- 
dromes of polycystic kidneys and cerebral 
aneurysms (Poutasse ef al., 1954), of neuro- 
fibromatosis and café-au-lait patches on the skin, 
or the Lawrence-Moon-Biedl syndrome are some 


other examples. True pleotropism—that is 
multiple primary actions of a single gene—is no 
longer a favoured explanation. It seems more 
likely that the peccant gene has but a single 
action; but this may be many steps removed from 
any clinically obvious manifestations (McKusick, 
1957). The consequences of a goat introduced 
on to a previously goatless oceanic island would 
be widespread and profound; but soon it would 
be difficult to sleuth out the primary cause of all 
the complex though interrelated changes in the 
island’s physiognomy, fauna and flora (Stern, 
1949). The difficulties would be especially great 
for one who might be as unfamiliar with the 
island’s original character as we are with the 
normal genetic milieu in which the mutant gene 
must express itself. The influence of this milieu 
is shown by the effect of the patient’s normal 
colouring on the abnormal pigmentation. The 
first observers of the Peutz-Jeghers syndrome 
mentioned dark hair and dark complexion as an 
essential part of the inherited abnormality 
(Jeghers et al., 1949; Tanner, 1951). In fact the 
syndrome does affect fair-haired people and 
families; but the spots in them are far less im- 
pressive. 

Many lesser abnormalities—some of them con- 
genital or familial—may be associated with the 
polyposis and the pigmentation. Though co- 
incidence—as well as a general lowering of the 
threshold of the phenotypic exnression—is 
probably responsible for most, one of them may 
hold the key to their elusive common genetic 
denominator. Three members of the family 
originally described by Peutz, and a few cases 
recorded since, had bladder and nasal as well as 
gastro-intestinal polyps: and at least one patient 
also had bronchial adenomatosis (Peutz, 1921; 
Hafter, 1954: Dormandy, 1957). It is conceiv- 
able that the defective gene causes a temnorary 
but widespread dislocation at a vital stage in the 
embryonic development of these mucous mem- 
branes. Like familial polyposis of the colon 
(Gardner and Richards, 1953; Oldfield, 1954; 
Weiner and Cooper, 1955; Shephard, 1958), 
small intestinal polyposis is occasionally associ- 
ated with more-or-less bizarre skeletal and 
cutaneous malformations—multiple exostoses, 
scoliosis, sebaceous cysts, vitiligo, and multinle 
fibromas (Devic and Bussy, 1912; Cabot, 1935: 
Tanner, 1951; Zanca, 1956). The commonest 


is clubbing of the fingers and toes: its severity, 
like the extent of the pigmentation, is unrelated 
to the severity of the gastro-intestinal symptoms 
(Ravitch, 1948; Jeghers et a/., 1949; Dormandy, 
1958). Of various visceral abnormalities | would 
mention small intestinal and duodenal diverticu- 
losis (Dormandy, 1957): this makes the already 
difficult radiological diagnosis of polyps virtually 
impossible. Mental and physical retardation 
figured prominently in early case-reports 
(Niemack, 1902; Mandillon and Georget, 1935; 
Hillemand er a/., 1952); hut for some of these 
cases prolonged blood loss and malabsorption 
may have been responsible. On the other hand, 
several members of two recently discovered 
families with the Peutz-Jeghers syndrome have 
had sporadic congenital goitres, and in one family 
a history of cretinism is coming to light. This is 
a very tenuous link with genetic enzyme defici- 
encies; but it is possible that eventually both 
polyps and pigmentation will be capable of being 
expressed in relatively simple biochemical terms. 

Turning from the brink of fiction to clinical 
reality, the diagnosis of small intestinal polyposis 
is relatively simple when the melanin pigmenta- 
tion is present, remembered, and looked for. I 
would merely recall that the cutaneous spots tend 
to become sparser and lighter after puberty and 
that they may be absent from all sites except the 
inside of the lips and cheeks. To a few patients 
they are a considerable affliction: “‘dirty”’ lips can 
make a child’s life at school very miserable, and 
at least one woman chose to undergo repeated 
plastic operations to get rid of them. On the 
whole, however, the spots need to be remembered 
rather than eradicated. 

Even in patients with immaculate lips and 
cheeks, small intestinal polyposis still presents a 
very characteristic clinical picture: these patients 
suffer from transient and self-reducing, but often 
multiple and almost always recurrent small 
intestinal intussusceptions. These give rise to 
attacks of brief but severe abdominal colic: and 
during the attacks— which are often accom- 
panied by loud borborygmi—the patients may 
have a sensation of a lump or lumps rolling about 
inside them. Indeed, many say that they can 
palpate the lumps moving. The attacks tend to 
end as abruptly as they began, not infrequently 
in response to some trick movement or pressure 
on the abdomen; but they may recur for months 
or years either at irregular intervals or striking 
with agonizing regularity every morning after the 
patient gets out of bed or after the main meal of 
the day. ‘‘Nerves”’ is still the commonest mis- 
diagnosis, and it is not difficult to see why: the 
fact that the pain tends to be localized to different 
parts of the abdomen on different days, the 
patient’s insistence on feeling noisy lumps rolling 
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about during attacks, the lack of abnormal 
physical signs between attacks, and the usually 
fair general health after a history of many years of 
suffering, all conspire to mislead. Even in 
hospital the patient may be rolling about in 
agony one minute with an easily palpable tender 
mass or several masses in his abdomen; and the 
next minute he may be perfectly free from 
symptoms and lumps. 

I mentioned that the intussusceptions are not 
necessarily associated with large polyps: occasion- 
ally at operation one part of the gastro-intestinal 
tract may be riddled with them but none is 
found in the intussuscepted segments (Dubourg 
et al., 1952; River et al., 1956; Staley and 
Schwartz, 1957). Similarly, the occasional patient 
with signs of intestinal malabsorption may have 
only a few polyps. It seems not unreasonable 
to assume that aggregations of microscopic 
adenomas, which can disrupt normal motility and 
precipitate intussusceptions, can also interfere 
with absorptive function. 


REFERENCES 
Casor, R. C. (1935) New Engl. J. Med., 212, 263. 
Devic, T., and Bussy, F. (1912) Arch. Mal. Appar. 
dig., 6, 278. 
DorManpy, T. L. (1957) New Engl. J. Med., 256, 1093. 


—— (1958) In: Modern Trends in Gastro- 
Enterology (2nd ser.) Edited by F. Avery Jones. 
London. 


——, and Epwarops, J. H.(1956) Gastroenterologia, 
86, 456. 

DusourG, G., Dusarry, J., Cares, J., GAILLARD, 
P., and Devpes, P. (1952) Arch. Mal. Appar. dig., 
41, 540. 

Dukes, C. (1958) J. R. Coll. Surg. Edinb., 3, 3. 

Garpner, E. J., and RicHarps, R. C. (1953) Amer. 
J. hum. Genet., 5, 139. 

Harter, E. (1954) Gastroenterologia, 84, 341. 

HILLEMAND, P., Pate, J., Cutricié, P., ROSENSTIEL, 
R., and MANTEAU, P. (1952) Pr. méd., 60, 911. 

JeGuers, H., McKusick, V. A., and Katz, K. H. 
(1949) New Engl. J. Med., 2A1, 933. 

Lancet (1957) ii, 475. 

McKusick, V. A. (1957) Amer. J. Med., 22, 676. 

MANDILLON, P., and GeorGet, M. (1935) Rev. Chir., 
Paris, 73, 238. 

Niemack, J. (1902) Ann. Surg., 36, 104. 

OuprieLp, M. C. (1954) Brit. J. Surg., 41, 534. 

Peutz, J. C. A. (1921) Ned. Maandschr. (Geneesk.), 
10, 134. 

Poutasse, E. F., GARDNER, W. J., and MCCorMACK, 
S. J. (1954) J. Amer. med. Ass., 154, 741. 

Ravitcu, M. M. (1948) Ann. Surg., 141, 5. 

River, T., SILVERSTEIN, J., and Tope, J. W. (1956) 
Surg. Gynec. Obstet., 102, 1. 

SHEPHARD, J. A. (1958) J. R. Coll. Surg. Edinb., 4, 31. 

Staey, C. J., and ScHwartz, H., II (1957) Surg. 
Gynec. Obstet. (Internat. Abstr.), 105, 1. 

STERN, C. (1949) In: Genetics, Paleontology and 
Evolution. Edited by G. L. Lepsen, E. Mayr and 
G. G. Simpson. Princeton. 

TANNER, N. C. (1951) Proc. R. Soc. Med., 44, 405. 

THompson, H. R. (1958) Proc. R. Soc. Med., 51, 241. 

Werner, R. S., and Cooper, P. (1955) New Engl. J. 
Med., 253, 395. 

Zanca, P. (1956) U.S. Forces med. J., 7, 1. 


“4 
Bs 
. 
\ 
val 
a 
| 
>. 
a 
yet 
. 
OF 
re 
ay 


24 


Carcinoid Tumours 


By ApaM N. Situ, M.B., F.R.C.S.Ed. 
Glasgow 


ACCORDING to the original description 
(Thorson et al., 1954), functioning carcinoid 
tumours may present the following syndrome: 
(1) Malignant carcinoid of the small intestine 
with slow progression, and metastases in the liver 
and the intra-abdominal organs: the tumour 
secretes 5-hydroxytryptamine (5-HT) into the 
circulation and it has now been established that 
almost all the features of the syndrome are the 
result of its actions. 

(2) Dependent cedema, frequent watery stools, 
borborygmi and abdominal pain were common 
symptoms. 

(3) Generalized widening of the small vessels 
of the skin with, in some cases, telangiectases. 

(4) Peculiar patchy flushing of the skin com- 
bined with pilomotor symptoms, _plethoric 
coloration, and total or partial cyanosis in the 
absence of polycythemia. 

(5) Pulmonary stenosis of the valvular type 
and tricuspid regurgitation. 

(6) Attacks of bronchial asthma of a rather 
unusual type. 


CARCINOID SYNDROME 
We have recently had the opportunity of in- 
vestigating 8 cases of the syndrome (Table 1) 
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mencement of ward round), diet (tea, coTee or 
alcohol), pharmacological (histamine or reser- 
pine), or mechanical (abdominal palpation or the 
administration of enemata). It was found im- 
possible to influence the flushing by 5-HT 
antagonists such as brom-ortho-lysergic acid, or 
antihistamine agents. 

Diarrhoea with or without abdominal colic may 
be one of the principal complaints of these 
patients (Sinclair, 1957). Borborygmi are often 
audible at a distance. This raises the ques- 
tion of .“pseudo-obstruction” in the carcinoid 
syndrome—how colicky abdominal pain and 
incessant augmented bowel sounds in the presence 
of an abdominal mass may erroneously lead to a 
diagnosis of subacute obstruction of the small 
bowel. This may prove even more deceptive in 
that, at operation, the bowel may show evidence 
of dilatation and hypertrophy of its muscle coats 
without true obstruction of its intestinal lumen 
by the carcinoid tumour. That these effects, 
clinical and pathological on smooth muscle, have 
been provoked by 5-HT rather than by true 
obstruction was well demonstrated by one of our 
cases in which the carcinoid was almost entirely 
outside the wall of the bowel in the mesentery. 

Asthmatic-like attacks with respiratory stridor 
are also the result of direct 5-HT constriction of 
the smooth muscle in the trachea and bronchi: 
difficulty may be experienced by the anesthetist 
in inflating the chest to oxygenate the patient if 


Tase I,—CLINICAL MANIFESTATION, SITE OF TUMOUR AND URINARY EXCRETION OF 5-HYDROXYINDOLE 


AceTic ACID 


5-HIAA) IN & CASES OF THE SYNDROME 


Note that a high urinary excretion of 5-HIAA is notin every instance accompanied by severe symptoms; secondary 
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one case, and is clinically suspected in another 
Clinical 

Pulmonary 
stenosis 


Case Flushing Diarrhea | 


invasion locally, to glands or to the liver) had occurred in all cases. 


Pulmonary stenosis was proved in 


Excretion of 
A 


Site mg. /24 hr.) 


Small bowel and liver 


lleo-cecal and mesentery. 
Not liver 


Ileum and mesentery. Not 
liver 


Ileum, mesentery and liver 


Neo-cecal and mesentery. 
Not liver 


Liver and _ glands, recur- | 
rent after excisional 
operation 


Ileum, mesentery 


showing these features in whole or in part. The 
more severe cases showed generalized flushing of 
the face, neck and trunk. The vasomotor changes 
were sometimes spontaneous but occasionally 
precipitated by such stimuli as emotion (com- 


pancreas 


Duodenal wall, invading 


an atack supervenes during an operation for the 
removal of a carcinoid. 

Occasional findings are oedema, which may 
variously arise from cardiac failure, obstruction of 
veins by a large abdominal mass, and as a result 
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of antidiuresis; oliguria, rarely amounting to 
anuria; lesions like rheumatoid arthritis affecting 
the smaller joints in some cases; scleroderma and 
a higher overall incidence of gastric and duodenal 
ulceration. It is surprising that few of these 
patients show psychological abnormalities, in 
spite of the important role of 5-HT in cerebral 
function. Perhaps this is the result of the poor 
penetration of 5-HT through the blood-brain 
barrier. 
CARDIAC LESIONS 

The development of cardiac lesions such as 
pulmonary stenosis and tricuspid regurgitation is 
an unexplained feature of the syndrome; right 
axis deviation may be the first abnormality seen, 
followed by a short systolic murmur heard best 
over the pulmonary area and confirmed by 
phonocardiography. Screening may later show 
avascular lung fields and straightening of the left 
border of the heart outline associated with en- 
largement of the pulmonary conus and right 
ventricular enlargement. Nothing further seems 
to be known of the origin of the endocardial 
lesions. Goble ef a/. (1955) reported that the 
concentration of 5-HT, which must be high in the 
portal and hepatic venous blood, remained very 
high in the right heart but fell to lower levels after 
passage of blood through the pulmonary circuit. 
They attributed the substantial removal of 5-HT 
from the blood in its passage through the lungs 
to the action of amine oxidase, and felt that the 
difference in HT concentration accounted for the 
higher incidence of lesions in the right side of 
the heart. These observations, however, have 
not been confirmed by Sjoerdsma er al. (1956, 
1957) who found no difference between the 5-HT 
content of pulmonary artery blood and femoral 
artery blood. 


LABORATORY STUDIES 

5-HT is eliminated from the body by oxida- 
tion to 5-hydroxyindole acetic acid (S-HIAA) 
through the activity of the enzyme, amine oxidase. 
5-HIAA combines with a nitroso B naphthol to 
give a purple-coloured substance which serves as 
the basis for a urinary colorimetric test (Uden- 
friend et al., 1955; Macfarlane et al., 1956). All 
the cases examined by us were excreting vastly 
increased amounts of indolic derivatives (normal 
range 2-13 mg. per day: carcinoid tumours 
20-600 mg. per day). Large numbers of indolic 
compounds (5-HIAA, indole acetic acid, indican, 
2- amino - 3 - hydroxyacetophenone O- sulphate, 
tryptophan, probably 5-hydroxyindole acetic 
acid O-sulphate) were all present; in the typical 
case, 5-HT itself is not usually present or detect- 
able, nor is the precursor 5-hydroxytryptophan 
(5-HTP). 


Despite rapid conversion to 5-HIAA, a high 
blood level of 5-HT was found in all the secreting 
cases. The level in the plasma rose during a 
flushing attack whether spontaneously produced 
or by the administration of reserpine which 
causes a relative depletion of 5-HT in the tissues 
and proves useful as a provocative agent in the 
non-secreting cases. 


or 5-HTP 


In one exceptional case with multiple meta- 
stases, 5S-HT and 5-HTP were both present in the 
urine in considerable amounts. This represents 
a valuable confirmation of the postulated route of 
formation of 5-HT, since in this subject’s urine 
the precursor, active substance and breakdown 
product were present together, having presum- 
ably “leaked out” into the urine from a renal 
metastatic site. Dalgliesh and Dutton (1957) 
deduce that the tumour, and so presumably 
the normal argentaffin cells from which the 
tumour has arisen, must be capable of 5-hydroxy- 
lation of tryptophan. It follows that the major 
function of the argentaffin cells may not be the 
local release of 5-HT but the manufacture of its 
precursor, 5-HTP for circulation to various other 
cells which decarboxylate it and turn it into the 
active hormone locally. This would account for 
the fact that though 5-HT is produced by different 
kinds of cells, no other kind of tumour produces 
excess of it. 

An atypical case, such as this one secreting 
5-HTP, may owe its unusual features to its 
unusual cellular composition; it has been 
suggested that some tumours are argyrophil 
rather than argentaffin in type (Sandler and 
Snow, 1958). This unusual type of carcinoid 
may have osseous metastases, a brick-red flush, 
5-HTP and 5-HT in the urine, and a high urinary 
histamine. The flushing attacks may be the 
result of histamine liberation in the tissues since 
they could be attenuated by treatment with an 
antihistamine; Feldberg and Smith (1953) 
showed that 5-HT could release histamine in 
certain species and this may modify the syndrome 
significantly. 


METABOLIC ASPECTS 

The classical carcinoid syndrome may be 
modified in yet another way. It is now well 
established (Sjoerdsma er al., 1956; Smith et ail., 
1957) that the source of 5-HT is the dietary 
tryptophan. In some cases a very large pro- 
portion of the normal intake of tryptophan is 
diverted to meet the requirement of the tumour 
in the formation of 5-HT and this, combined 
with the diarrheea often present, leads to con- 
siderable risk of tryptophan deficiency. Since 
tryptophan is the precursor of nicotinic acid, 
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this becomes apparent as nicotinic acid deficiency 
or pellagra. It would appear that the tumour 
has a basic rate of production of 5-HT. Increases 
in available tryptophan on a high-protein diet 
may increase the rate of production slightly but 
not in proportion to the increased availability. 
The tumour draws, however, on all available 
circulating plasma tryptophan till 5-HT produc- 
tion is satisfied. Sjoerdsma ef al. (1957) have 
examined some of these points in detail; they 
found that the plasma tryptophan was low in 
carcinoids, even on a tryptophan intake exceeding 
1,000 mg. and at a time when there had been no 
diarrhoea or change in weight. They also found 
that the urinary excretion of N’-methyl 
nicotinamide was lowest in the cases with the 
highest urinary hydroxyindole excretion. Studies 
with radioactive 5-HTP enabled them to estimate 
that some of those cases had a tumour pool of 
over 2,000 mg. of 5-HT, which is all the more 
striking when one recollects that serious pharma- 
cological changes may follow the systemic 
injection of 1-2 mg. 


TREATMENT 

Surgical measures may be employed in treat- 
ment and the anesthetist should be forewarned 
of possible complications such as bronchospasm 
and hypotension, both of which may follow 
handling of the tumour. Surgical removal of the 
tumour (most functioning carcinoids are situated 
in the terminal ileum) may not be possible 
because of local fixity, and an ileo-transverse 
colostomy may have to be done as a palliative 
procedure. Any reduction in the size of the 
tumour, by local resection of secondaries or 
hepatic lobectomy, may help to reduce the S5-HT 
effects. 

Most cases of the syndrome, however, are 
patients who have had a laparotomy three to 
five years previously and are treated by general 
medical measures to minimize the flushing, the 
diarrhoea and the bronchospasm. Chlorpro- 
mazine, brom-ortho-lysergic acid diethylamide 
(B.O.L.) and 1-benzyl-2, 5-dimethyl serotonin 
hydrochloride (B.A.S.) are specific antagonists 
which should be given a clinical trial in each case. 
Probanthine may help to lessen the diarrhoea 
and aminophylline the respiratory distress. 
Phentolamine, dibenamine ergotamine 
tartrate may also be tried. Pellagra and other 
vitamin deficiencies should be avoided by the 
administration of nicotinic acid by the parenteral 
route. If the plasma proteins are low, general 
improvement may follow blood transfusion. 
Little improvement follows restriction of protein 
intake since the tumour forms an unvarying 
amount of 5-HT. Occasionally the consumption 
of tea, coffee and fat may trigger the flushing 
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attacks and these may have to be omitted from 
the diet. Alcohol almost always provokes 
intense flushing. 

Although the clinical manifestations of the 
syndrome have been recounted in some detail, 
only a few cases show all of those features. 
Though a rarity, the syndrome is an important 
One since the recognition of more cases will 
afford opportunity for the study of the physio- 
logical role of 5-HT—one should remember how 
much the study of another rarity, Addison’s 
disease, contributed to the elucidation of the 
function of the hormones of the adrenal cortex. 
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DisCuSssION 


Dr. M. Sandler: Mr. Smith mentioned the group of 
atypical carcinoid tumours which Snow and | 
demarcated recently (Sandler and Snow, 1958). 
These cases may be distinguished from the main 
group by a bright red, long-lasting flush, atypical 
histological appeararice, osseous metastases and 
excess urinary excretion of 5-hydroxytryptophan, 
5-hydroxytryptamine and histamine. As_ indole 
Partition studies on urine obtained at bilateral ureteric 
catheterization ruled out the possibility of renal 
metastases in our patient, we consider that the unusual 
biochemical features derive from the secretion of 
5-hydroxytryptophan by tumour tissue. (This has 
yet to be confirmed by direct observation.) 
Decarboxylation of this amino acid at sites other than 
the tumour would then enable a_ higher local 
concentration of 5-hydroxytryptamine to exert its 


= 
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weak histamine liberator action (Feldberg and Smith, 
1953). Direct renal decarboxylation would be 
responsible for the high urinary content of 5- 
hydroxytryptamine and any unchanged 5-hydroxy- 
tryptophan would spill over into the urine. 

One of the case reports which we culled from the 
literature (Waldenstrém er a/., 1956) did not state 
whether 5-hydroxytryptophan was present in the 
patient’s urine or not. However, it has since been 
detected not only in this patient but in another 
similar patient studied by these Swedish workers 
(Pernow, 1958). 

Dr. H. G. Close and I have lately had the chance 
to investigate a further patient belonging to this 
atypical group (unpublished). We considered her to 
be an extremely suitable subject on whom to assess 
any in vivo inhibitory action of phenylacetic acid on 
5-hydroxytryptophan decarboxylase. Davison and I 
had previously shown that this aromatic acid 
metabolite of phenylalanine had an in vitro inhibitory 
action on this enzyme (Davison and Sandler, 1958). 
After phenylacetic acid administration, not only was 
there a decrease in urinary 5-hydroxytryptamine and 
5-hydroxyindole acetic acid, but this decrease was 
proportionately greater for 5-hydroxytryptamine. 
Because of relatively high renal blood flow, we 
consider that this was due to higher concentrations 
of phenylacetic acid exerting a greater inhibitory 
action on renal decarboxylase. Support is therefore 
provided for the hypothesis of direct renal 
decarboxylation of 5-hydroxytryptophan being res- 
ponsible for increased 5-hydroxytryptamine output 
in the atypical carcinoid syndrome. 
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Dr. B. C. Morson: I would like to question Dr. 
Dormandy on the malignancy of these Peutz-Jeghers 
polyps. He stated that the small intestinal type of 
polyp was not pre-cancerous, but thought the colonic 
type might be. Mr. Henry Thompson recently sent 
me polyps of the small and large intestine from a 
patient with the Peutz-Jeghers syndrome, and 
histologically the colonic polyp was not an adenoma; 
it was quite different from the adenoma found in 
familial polyposis of the colon and rectum which 
Dr. C. E. Dukes has shown to be quite definitely 
precancerous. In my opinion the polyps, both of 
the small intestine and colon, found in the Peutz- 
Jeghers syndrome suggest a congenital type of 
tumour or hamartoma. 


Mr. H. R. I. Wolfe: | should like to ask Mr. Smith 
two questions about carcinoid tumours. They relate 
to a patient who was under our care during the last 
three years of his illness. He had severe oliguria 
associated with edema which was sometimes wide- 
spread, sometimes localized and not always in 


dependent parts of the body. On occasions it was 
entirely confined to the thighs. Investigations by 
Professor C. E. Dent revealed that the patient was 
unable to excrete sodium under any normal 
circumstances, the twenty-four-hour output averaging 
1 mEq. The only way to clear his edema was by 
mersalyl injections and on two occasions when 
mersalyl was given the output of sodium immediately 
increased to 300 and 600 mEq. in twenty-four hours 
falling again within two days to the control level. 
Is sodium retention a feature of carcinoid tumours? 

Towards the end of the illness the possibility of 
surgical alleviation of the severely crippled heart was 
considered but because the exact cardiac lesion was 
unknown the idea was abandoned. At autopsy it 
was found that there was gross endocarditis with 
incompetence of the tricuspid valve, and early 
pulmonary stenosis with thickening and rolling of 
the edges of two of the valve cusps. There was a 
small patent foramen ovale, the edges of the mitral 
valve showed early thickening and there was white 
capping of the papillary muscles. This case is unusual 
in that there was a small patent foramen ovale. 
What I would like to know is the exact nature of the 
cardiac lesion on the right side of the heart in cases 
with metastasizing carcinoid tumours and are these 
patients candidates for cardiac surgery. 


Dr. Dormandy, in reply: In answer to the question 
whether adenomatous small intestinal polyps ever 
become malignant, | would say that following up 
all available patients who had been previously 
reported as cases of malignant polyps, I found 
that over periods of many years none proved 
clinically malignant. Of the 23 cases I have investi- 
gated personally, malignancy had been diagnosed in 
5 more than ten years before they came under my 
observation. 2 eventually died of cancer of the colon 
and rectum respectively, but none developed small 
intestinal cancer clinically or had malignant small 
intestinal polyps at necropsy. There has been no 
case io my knowledge in which distant or lymph-node 
deposits have been found secondary to malignant 
small intestinal polyps, though there have been many 
cases of abdominal carcinomatosis. This leads to 
the second question—whether the large intestinal 
polyps of these patients are less liable to malignant 
degeneration than ordinary large intestinal polyps. 
It seems to me that carcinoma of the colon and 
rectum crops up with extraordinary frequency in 
families afflicted with the Peutz-Jeghers syndrome; 
3 of the patients I have seen personally, died of 
malignant polyps in their large intestine. When 
patients with known small intestinal polyposis 
eventually present with abdominal carcinomatosis, it 
is often assumed that one of their small intestinal 
polyps has turned malignant. In all such cases that 
I know of, post-mortem examination revealed the 
true primary to be not in the small intestine, but in 
the colon, rectum, or, occasionally, stomach. 


Mr. Adam Smith, also in reply: With regard to 
Dr. Sandler’s remarks, one of our cases belonged to 
the atypical group described by him and the Swedish 
workers; the patient had a bright red flushing 
appearance, secreted 5-HT, 5-HTP and histamine, 


| 
~ 
‘ 
: 
BS 
4 
a 
4 
: 
“ag 
iy 
‘ 
eal 


28 Proceedings of the Royal Society of Medicine 


and had osseous metastases. The histology of the 
tumour was that of a non-argentaffin carcinoid. 
Many patients with these tumours excrete excessive 
amounts of uropepsinogen (they have a high incidence 
of duodenal ulcers), but we have found that their 
acid secretion varies; perhaps the acid estimation is 
affected by the strong motor contractions of the 
stomach leading to rapid emptying. With regard to 
the question of edema, 5-HT has been shown by 
Hulet and Perera (1956) to cause sodium retention. 
Most often the cardiac condition seems to explain the 
occurrence of oedema. I think it unlikely that many 
patients will have cardiac surgery for pulmonary 
stenosis, since it tends to develop late in the disease. 
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“Blind Loop’’ Syndrome 
By W. I. Carp, M.D., F.R.C.P. 
Edinburgh 


THE term “blind loop” is an unsatisfactory 
descriptive title which may be extended to cover 
a number of apparently diverse intestinal condi- 
tions, such as massive diverticulosis and intestinal 
stricture, all of which may present with a similar 
clinical picture of malnutrition, anemia, 
steatorrhaea, &c. 

Historically there was early surgical recogni- 
tion of the complications of side-to-side anasto- 
mosis with subsequent pouch formation (Cannon 
and Murphy, 1906) and possible ulceration and 
perforation. There followed the observation by 
Meulengracht (1929) that the clinical picture of 
pernicious anemia might be associated with 
certain intestinal abnormalities, in particular 
benign strictures. While it is no longer possible 
to accept all these early cases of pernicious 
anemia as due to intestinal strictures, his paper 
undoubtedly stimulated work on the relation of 
anemia to intestinal function. 

In the early accounts the concept of intestinal 
auto-intoxication was predominant and, as early 
as 1920, Seyderhelm (1922) treated pernicious 
anemia with ileostomy on the theory that 
bacterial poisoning might be responsible. In 
2 out of 5 patients so treated he obtained a 
remission, with great improvement in the blood 
picture and gain in weight. A relapse which 
ended in death occurred following the closure of 
the ileostomy. The failure of this treatment in 
another patient was ascribed to the continuation 
of infection in the small intestine. These results 
were confirmed elsewhere (Dixon er al., 1925). 

In 1924, Seyderhelm and others were able to 
produce artificially a hyperchromic anemia in a 


dog with an intestinal stricture, and related 
this anemia, not to the degree of narrowing pro- 
duced, but to the infection of the intestinal canal 
above the stricture which followed. Where this 
infection did not occur, no anemia resulted. 
Other experimenters (T6nnis and Brusis, 1931, 
1932) constructed in dogs blind loops which 
were arranged to fill by peristalsis. Anaemia was 
produced and extirpation of the loop greatly 
improved the clinical condition. Life was pro- 
longed by the giving of liver injections. Other 
experiments showed that the use of intestinal 
antiseptics such as trichlorcresol (Horster, 1935) 
greatly lengthened life and prevented the onset 
of loss of weight and anemia. 

It should be noted that the production of blind 
loops does not necessarily result in anemia. 
Pearce (1934) confirmed in dogs that when the 
segment of intestine was so arranged that it 
emptied, the animal remained normal, and 
appetite and activity was unimpaired. Only 
when the loop was so arranged that it filled did 
symptoms appear of weakness, lethargy, and loss 
of weight, and unless the loops were resected the 
animals died. He reported no_ significant 
changes in the blood. 

The most recent animal work has been that 
of Cameron er al. (1949) who, after forming blind 
sacs under certain conditions in rats, succeeded 
in producing a macrocytic anemia and confirmed 
and extended earlier experimental observations. 
They were able to prolong life and cure anemia 
by using chlortetracycline and folic acid. Since 
some of their rats died without anemia, they 
emphasized that the deficiency must be multiple. 
All this experimental work may be summarized 
by saying that the production of intestinal blind 
loops, sacs or strictures may profoundly affect an 
animal, but only when stasis has been produced: 
that these effects include malnutrition, anemia, 
loss of weight, and may terminate in death; that 
the effects may be abolished by extirpation of 
the blind loop or sac, or the resection of the 
stricture; and that improvement of the animal’s 
condition may be achieved by intestinal anti- 
septics, more recently by antibiotics, and also by 
giving folic acid, liver injections, &c. 

In human pernicious anemia, Castle’s hypo- 
thesis, which fitted so many of the facts, might 
have been expected to destroy the theories which 
saw bacterial intestinal infection as in some way 
causative (Castle et al., 1930). But Castle wrote 
prophetically: “‘Next to a defect of the original 
formative process within the stomach, the loss of 
the absorptive power of the intestinal tract, 
either mechanically or by way of bacterial 
invasion, or the destruction in the bowel of the 
effective principle after formation would be the 
most obvious ways in which a deficiency of the 
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final effective substance could be brought out.” 
By 1936 Minot could write: “Occasionally, a 
patient with an intestinal short circuit, main- 
tained with difficulty on liver extract administered 
orally, is able to maintain his blood without 
taking liver extract after the intestines have been 
returned to essentially their normal state by 
operative procedure.’ There is here the clear 
recognition, even if it was then not widespread, 
of one form of the “blind loop” syndrome. 

Parallel to these clinical observations, there 
was another line of enquiry. By 1939, animal 
physiologists had pointed out that vitamin 
synthesis of several members of the B complex 
took place in the rumen of the sheep (McElroy 
and Goss, 1939). This was evidence that the 
animal’s requirements of vitamins could to some 
extent be supplied by synthesis within the gut. 
These conclusions are probably true of man, so 
that we depend to a variable extent on the 
presence of bacteria in our own gut to supply 
our needs. There is therefore justification for 
thinking that the supplanting of bacteria which 
normally synthesize vitamins, or the growth of 
bacteria which themselves utilize substances 
required by the host, might result in a deficiency 
state. 

There is other evidence to support this con- 
cept. The discovery that sulphonamides can 
alter bacterial growth in the intestine was soon 
followed by the observation that antibiotics can 
improve the utilization of food in treated animals 
and promote more rapid growth. These effects 
can be produced by a series of chemical sub- 
stances which have nothing in common, apart 
from their antibacterial action. While there 
seems no clear relationship between the feeding of 
an antibiotic and the establishment of any par- 
ticular type of bacterial growth, the empirical 
results are unquestioned, so that this device has 
proved one of the major advances in livestock 
husbandry. On human subjects only a few 
observations on the action of antibiotics in 
hastening growth have been carried out. There 
are, however, several papers which suggest that 
growth in children may be improved by their 
administration. Even in young men at the 
end of their growth period, significant increases 
in weight were observed in an antibiotic-treated 
group. Inamore specific study, there is evidence 
that blood formation may be aided in patients 
deficient in folic acid or cobalamin by giving 
antibiotics which are presumed to act by pro- 
moting the bacterial synthesis of these sub- 
stances (Jukes, 1955). 

Evidence of a different kind is supplied by 
parasitology. There is no doubt that parasitized 
animals grow at a slower rate than parasite-f.ee 
animals and that on the same food intake the 
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weight gain is less. Why is this? There is no 
evidence that the parasites act by diverting 
calories, and the most promising hypothesis is 
that the parasites act by using essential trace 
food factors necessary for the adequate nutrition 
of the host. 

There are therefore good grounds for thinking 
that malnutrition might arise from an altered 
flora in the intestine resulting in a deprivation of 
essential trace food factors. There is evidence 
that an altered flora may occur in blind loops or 
sacs of the intestine and in intestinal diverticula 
(Girdwood and Doig, 1957). If this general 
theory is accepted, then we should distinguish 
between those sacs or loops which, though 
anatomically blind, are not stagnant. For 
example, there is no account in the literature of 
the “blind loop” syndrome arising with a 
Meckel’s diverticulum, and this is consistent 
with the experimental work which shows that if 
the sac readily empties, no untoward symptoms 
appear. Some writers have hinted that the 
afferent loop of a Polya-type anastomosis follow- 
ing gastrectomy in which the duodenum is closed 
can act as a “blind loop’. It is of course blind 
anatomically but this particular piece of gut is 
extremely active, empties itself readily, and is 
normally washed through by pancreatic juice 
and bile after each meal. It is therefore not 
comparable to the “blind loop” formed by 
surgical short-circuiting of an obstruction. 

If we accept as an essential condition an 
alteration of flora, it is somewhat difficult to see 
how bacteria, growing in loops or sacs and by 
definition out of the main intestinal current, can 
obtain these food factors and so deprive their 
host. The abnormal bacterial growth may, of 
course, spread throughout the bowel, but there 
is another explanation which deserves con- 
sideration. I refer to the concept, adopted by 
some parasitologists as a working hypothesis, 
of the exocrine-enteric circulation (Read, 1950). 

If we consider the movement of substances 
across the intestinal wall, we all agree that a 
fluid secretion occurs into the gut, and that the 
water is absorbed elsewhere. The extent of this 
transfer is known to be very great. There is 
equally no doubt that electrolytes circulate in a 
similar way. No one questions that bile salts 
circulate with a time cycle of the order of eight 
to sixteen hours. Bile salts are synthesized and 
destroyed, but the body seems to economize by 
using them again and again. If this mechanism 
exists for bile salts, may it not occur for other 
substances, particularly if they play a catalytic 
role in biochemical reactions and so can be used 
repeatedly? The simplicity of the hypothesis is 
very attractive. There is, at any rate, a good deal 
of evidence to make it likely that there is such a 
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30 
circulation which includes various vitamins 
(Read, 1950). 

If this is accepted as a working hypothesis, then 
it is easy to see how bacteria in a stagnant loop 
or diverticulum can interrupt this recirculation, 
since these food factors may appear in all 
intestinal secretions. It would also explain why 
quite small collections of bacteria might give rise 
to symptoms of malnutrition, since these bacteria 
do not have to consume a fraction of the ingested 
factor, but have only to remove part of a very 
much smaller amount, which is being constantly 
recirculated. There is one other phenomenon 
which may be explained by this theory, and that 
is the reported observation (Halsted ef a/., 1956), 
that the anemia in the “blind loop” syndrome is 
unaffected by neomycin which is not readily 
absorbed, whereas it may be cured by chlor- 
tetracycline which is readily absorbed, and may 
therefore appear in sufficient concentration in the 
“blind loop”. 


CLINICAL CONSIDERATIONS 


The frequency with which the “blind loop” 
syndrome follows a short-circuiting operation is 
unknown. Though it is probable that examples 
may be missed, especially if they have no severe 
anemia, it seems likely that the condition is rare 
and this suggests that the conditions for bacterial 
growth in the loop, sufficient to impair nutrition, 
are critical and not easily attained. The symp- 
toms of the general “blind loop” syndrome may 
be considered under two headings: 

(1) Symptoms from the purely structural 
abnormality in the gut, such as the anatomical 
arrangement of the “blind loop”, the extent of 
the diverticulosis, or the presence of strictures 
producing intestinal obstruction. 

(2) Symptoms arising from intestinal dysfunc- 
tion. These comprise malnutrition, which 
includes loss of weight, anemia, deficiencies of 
essential food factors, and their resulting neuro- 
pathies. There may also steatorrhea, 
diarrhoea or colicky pain. We cannot pretend 
that the origin and mechanism of all these 
symptoms is clear. 

The explanation of the anemia, which may be 
due to cobalamin or folic acid deficiency, or 
both, has been fully reviewed and will not be 
discussed further (Foy and Kondi 1954; 
Badenoch, 1958). Deficiencies of essential food 
factors may lead to vitamin deficiency syndromes 
or to loss of weight. Steatorrhoea, which is 
frequently seen, is not easily explained and 
appears to be due to malabsorption. In the 
case of blind loops high up, which involve the 
duodenum, inadequate mixing of food with 
pancreatic juice is a conceivable explanation in 
some cases. It should also be remembered that, 
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in any severe state of malnutrition, the pancreas 
may become secondarily affected and therefore 
the steatorrhoeeaa becomes partly pancreatic in 
origin. In a case described by Brock (1939), 
with multiple intestinal strictures, the steatorrhoea 
showed only 20% splitting, suggesting a pan- 
creatic fibrosis as responsible. Diarrhoea in a 
mild form is a common symptom and may be 
due to several causes. Occasionally it appears 
in a very severe form. In one patient we saw, the 
only complaint was of a profuse, watery diarrhea, 
which came on paroxysmally, particularly at 
night. This description strongly recalled the 
diarrhoea occasionally seen with severe diabetes 
and which, it has been suggested, may be due to 
a neuropathy of the abdominal autonomic 
nervous system (Joslin ef a/., 1952). His only 
abnormality, apart from absent ankle-jerks, was 
a multiple diverticulosis throughout the entire 
gut. There was no anemia, and all biochemical 
tests were normal. In 5 cases of extensive 
diverticulosis, described by Badenoch e7 al. 
(1955), all had diarrhoea. In one of these cases 
there was mental change, in another there were 
paresthesia, and in a third there was gross 
peripheral neuritis. The possibility that in such 
cases the diarrhoea is an expression of a neuro- 
pathy of the autonomic system, due to some 
nutritional defect, ought seriously to be con- 
sidered. 

Intestinal colicky pain, where obstruction is 
not present, may possibly be due to paroxysmal 
cramps of the intestine as may also occur in a 
diabetic neuropathy and diarrhoea. 


DIAGNOSIS 

The diagnosis of a true “blind loop” or sac 
may be difficult if intestinal fistulous formation 
has occurred spontaneously. More frequently 
the “blind loop”’ follows some previous surgical 
operation, such as the short-circuiting of an 
obstruction. Provided the suspicions of the 
surgeon or physician are aroused when a patient 
shows some symptoms or signs of malnutrition 
following a previous abdominal operation, the 
diagnosis is likely to be made sooner or later. 
It is more easily made if the patient has a macro- 
cytic anemia, since an identification of its cause 
can now be made with considerable precision. 
Cases are more liable to be missed if they have 
no overt anemia, or if the stools do not obviously 
suggest a steatorrhoea. The radiological investi- 
gation may prove difficult, or may fail, since 
barium will not readily enter a “blind loop’, and 
the post-operative conditions under which 
“blind loops” arise make radiological interpre- 
tation difficult. 

Intestinal diverticulosis may be discovered 
by accident radiologically; probably the majority 


¢ 
if 
1 
af 
4 . 


of cases are symptomless. It may also be found 
on radiological examination of a patient with 
malnutrition, anemia, steatorrhoea, &c. Diver- 
ticula may fail to fill and their number and extent 
are always likely to be underestimated. 

As a further diagnostic aid in all doubtful 
cases of this syndrome, an absorbable antibiotic 
such as chlortetracycline should be given. If 
clear improvement results in the blood picture 
or clinical state, the diagnosis is strongly sup- 
ported. 

TREATMENT 

Operation may be necessary if “blind loops” 
are suspected, to judge the extent of intestinal 
diverticulosis, or, in rare instances, to resect a 
stricture. Before operating, it should be possible 
in most patients to improve their general con- 
dition and the anemia can nearly always be 
ameliorated. A low-fat diet may be necessary, 
and mineral and vitamin deficiencies will need 
replacement. If a “blind loop” can be resected, 
and normal continuity restored, there should be 
a complete and dramatic recovery. If the bowel 
is the seat of multiple diverticulosis, this may 
prove at operation to be far more extensive than 
was anticipated, and resection may be impossible. 
If radical treatment is not possible, the patient 
can usually be greatly improved by medical 


measures. 


If the general etiology of all these conditions is 
accepted, that is, that there exists under certain 
conditions in the intestine an altered flora such 
that essential trace food factors are lost to the 
host, then the purely descriptive name of “blind 
loop” should be abandoned, to be replaced by 
some name which describes the functional state 
of privation. The concept of this privative state 
may then be extended. Dare we regard for 
instance, the fatty liver which proceeds to 
fibrosis, seen in some patients with severe ulcera- 
tive colitis, as, in part, a nutritional disease of 
the liver due to involvement of the cecum and 
ascending colon, that is, that part of the gut which 
is said to be the main site of vitamin synthesis? 
Our attention was directed to this possibility 
when, a year ago, we saw a patient with edema 
and hypoproteinemia, who was found to have a 
carcinoma of the cecum, with a fatty liver, and 
amblyopia. The carcinoma was _ successfully 
resected; the liver is now progressing to fibrosis. 
Such a possibility should receive consideration. 
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Massive Intestinal Resection 
By J. M. PuLtan, M.Chir., F.R.C.S. 


London 


THE term “massive intestinal resection”’ has by 
convention come to mean the loss of more than 
200 cm., or approximately 7 feet, of small bowel. 
The early reports were content with short-term 
survival and in the rivalry of the early years of 
the century surgeons competed in the magnitude 
of their resections. Of more interest to the 
patient is the amount of small bowel that remains 
and recent emphasis has shifted to the investi- 
gation of the effects of resection in survivors. 


NorRMAL LENGTH OF SMALL BOWEL 

This is extremely variable and increases with 
stature and in races taking a diet containing 
much roughage. Bryant (1924) found lengths 
varying between 10 ft. and 28 ft. 4 in.; Treves 
(1885) between 15 ft. and 33 ft., while Kallio 
(1932) found a mean of 224 ft., or 675 cm., in 
1,161 individuals measured post mortem or at 
operation. Alvarez (1948), however, gives a 
length of 8 to 10 ft. in the live state. 

Measurements vary with the tone of the muscle, 
or the presence of the mesentery or the manner 
of its detachment, and should be made in the 
unfixed state. The length of remaining intestine 
cannot be deduced by a simple subtraction of the 
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length removed from a hypothetical normal: but 
when the remainder is no more than 2 or 3 ft. 
an approximate live measurement, either at 
operation or radiologically, is possible. 


REASONS FOR MASSIVE RESECTION 

Removal of large lengths of intestine is not 
lightly undertaken but cannot be avoided when 
the surgeon is faced with extensive gangrene. 
These resections, however extensive, are always 
worth while since there are many who not only 
survive but return to a tolerable life following 
resection of 80°; to 90°, of their small bowel 
(West er al., 1938; Todd et al., 1940: Holman, 
1944; Meyer, 1946; Cogswell, 1948; Althausen 
et al., 1949; McClenahan and Fisher, 1950: 
Wilkie, 1950; Jackson and Linder, 1951; Berman 
et al., 1953; Martin et al., 1953; Bothe et al., 
1954; Trafford, 1956; Pilling and Cresson, 1957). 
At the same time not all have fared so well. 
Successful patients become notorious, but many 
more failures die miserably and unsung. Massive 
resections are uncommon and during the last 
ten years at St. Thomas’s Hospital the records 
of only three resections of any length have been 
found and none of these exceeded 5 ft. 

Analysis by Haymond (1935) of 257 patients 
gives the following reasons for massive resection, 
in the order of their frequency: 


(1) Volvulus—76. Small intestine and sig- 


moi 
a) Knotenbildung 
(6) Small intestine 


(a) Inguinal 

6) Femoral 

(c) Umbilical 
Others, including 
hernias en-W 
retrograde strangu- 
lation 


(2) Strangulated hernia—45. 


Arterial or venous, in- 
cluding embolus 


(3) Mesenteric thrombosis—34. 
(4) Female pelvic diseases—21. a) Uterine perforation 
(6) Other pelvic diseases 


(5) Mesenteric disease—19. a) Primary tumours of 
mesentery 

(6) Mesenteric slits 

Other conditions 

a) War 

(6) Civilian 


Abdominal injuries—16. 
Tuberculosis of intestine—16 
Adhesions and bands—7. 
Miscellaneous—13. 

Not stated—10. 
Mortality—33°5°,. 


To these must be added the following 
conditions, which do not appear in Haymond’s 
classification: 


(1) Crohn’s disease, including stage resections. 

(2) Operative hazards, e.g. pancreatectomy. 

(3) Infantile atresia of bowel. 

(4) Meconium ileus. 

(5) Volvulus secondary to malrotation of intesfine. 


AMOUNT OF SMALL BOWEL REMAINING 

In the early days of abdominal surgery surgeons 
faced with the unavoidable necessity of massive 
intestinal excision sought an answer to the 
question “‘How dispensable is the small bowel?” 
No simple answer has yet been found and the 
effects are very variable. Some survive, at least 
for a time (nine months to indefinitely) with no 
small bowel at all, or only a few inches (Jackson 
and Linder, 1951; Martin ef al., 1953; Brezin 
and Oren, 1954; Gaynor and Diefenbach, 1957), 
while others are severely incapacitated with 
resections less than massive (Posey and Bargen, 
1948; Jackson and Linder, 1951). It may be, 
however, that surprisingly bad results after small 
resections are due to persisting or recurrent 
disease, or the formation of a blind loop or 
stricture in the technique of anastomosis (Jackson 
and Linder, 1955). In Haymond’s analysis (1935) 
the resection of lengths greater than 13 ft. 
resulted in abnormal nitrogen loss in the stool, 
while abnormal fat excretion occurred with 
resections of half this extent. Haymond con- 
cluded in 1935 that “if the patient survives the 
operation a loss of one-third of the small bowel 
should permit a return to normal; resection of 
one-half is the upper limit of safety, while 
greater amounts give poorer results even though 
an exceptional case may be better than predicted”. 
Since then many reports show that life is possible 
with as little as 18 in. of small bowel, though 
Haymond’s conclusions still provide a good 
working rule (West ef al., 1938; Meyer, 1946; 
Cogswell, 1948; Althausen er a/., 1949: Berman 
et al., 1950; Christensen et al., 1950; Berman 
et al., 1953; Pearce et al., 1953; Bothe er a/., 1954; 
Eckstam and Barry, 1954; Jackson and Linder, 
1955; Montgomery and Pincus, 1955; Schwartz 
et al., 1955: Trafford, 1956; Pilling and Cresson, 
1957). 


EXPERIMENTAL RESECTION OF INTESTINE 

Experimental resection of intestine, mainly in 
dogs, has been carried out by many investigators 
since 1888 (Senn, 1888; Monari, 1896; Erlanger 
and Hewlett, 1901; Evans and Brenizer, 1907; 
Flint, 1912; Wildegans, 1925; Kunz and Molitor, 
1928; Clatworthy ef al., 1952). They concluded 
in general terms that 50°% of the small bowel is 
dispensable in the dog. Resections up to 75°, 
were compatible with survival, though not in full 
health or at a norma! weight. Some did well with 
an 80°, removal, while others never truly 
recovered from a loss of 60°¢ of the small bowel. 
There was some evidence of hypertrophy and 
hyperplasia of remaining intestine (Flint, 1912; 
Clatworthy ef al., 1952), though in the most 
massive resections this did not occur. Older 
dogs proved more resilient than younger ones, 
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but in humans (and Clatworthy’s dogs) youth 
was an advantage (Haymond, 1935) and should 
be no bar to resection when indicated. 


MASSIVE RESECTION 

The patient who does not immediately succumb 
goes through three phases of recovery. The 
post-operative fluid and electrolyte crisis, asso- 
ciated with severe diarrhoea, which may last two 
or three weeks; the phase of recovery and 
adaptation, which may last from one to two 
years; and the final stage in which no further 
recovery takes place and in which, if recovery is 
incomplete, the patient learns to live with and to 
some extent circumvent his disability. The 
battle may be lost at any stage through failure of 
adequate compensation or intercurrent disease, 
to which he may be unusually prone. 

In the first phase return of intestinal motility 
results in a profuse diarrhaea which remains one 
of the most distressing symptoms. It is associ- 
ated with tenesmus, burning, perianal irritation 
and sometimes excoriation. The diarrhoea is 
maximal during the first two or three weeks and 
presents a problem of management akin to, but 
greater than, that of a newly formed ileostomy. 
The fluid electrolyte losses may be enormous, 
as much as a litre being passed ten or twelve times 
per day. The diarrhoea gradually lessens as the 
end of the first stage is reached. 

In the second stage the emphasis shifts from 
fluid and electrolyte balance to nutrition. The 
patient rapidly loses weight and despite a large 
oral food intake loses much of it in the stools. 
The absorption of fat is most disturbed and may 
be almost abolished. To a lesser extent proteins 
are affected and carbohydrate absorption is 
hardly disturbed. 

Vitamin deficiencies will become established in 
the absence of treatment. The fat-soluble 
vitamins A, D and K are understandably affected, 
though the absorption of vitamins of the B group 
and C is also severely restricted. Glossitis, 
angular stomatitis, pellagra and psychotic changes 
may result. Hypocalcemia and tetany occur and, 
rarely, hemorrhage due to hypoprothrombin- 
emia. Anemia and hypoproteinemia are very 
rare in the pure picture. The patient becomes 
weak and irritable and difficult to manage. He 
may suffer from abdominal cramps, distension 
and nausea. 

During this stage the rate of intestinal passage 
gradually slows, though single evacuations may 
measure up to 14 gallons (Jackson and Linder, 
1955). Improvements in protein and carbo- 
hydrate absorption are demonstrable. An equil- 
ibrium is reached as compensation is established 
and thereafter, in the third stage, the problem is 
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to find a regime which best suits the individual 
patient, though a relapse may at any time occur 
due to dietary carelessness or mental changes. 
It is in the behaviour of the individual towards his 
dietary fat, and on the ability of his physician to 
modify it for the better that the patient’s welfare 
largely rests, for on this depends not only his fat 
intake but, more important, his protein, fat- 
soluble vitamins, calcium and phosphorus ab- 
sorption, 


Adaptation and Survival 

The body must adjust itself to the impaired 
intake of nourishment or succumb. Weight is 
lost and can be supported only at a level con- 
siderably lower than before. The metabolic 
rate is reduced and physical activity curtailed. 
The absorptive capacity of the intestine is 
capable of improvement as time goes on, though 
the mechanism is uncertain. In time the rate of 
gastric emptying (Althausen ef a/., 1950; Jackson 
and Linder, 1951) and the passage through the 
alimentary tract are slowed (Pilling and Cresson, 
1957)—the transit of food from mouth to anus in 
Althausen’s case (Althausen ef a/., 1950) changing 
from three and a half hours on the ninth post- 
operative day, to eighteen hours at three weeks. 
Food intake is increased and eating becomes 
more continuous. The colon enlarges to accept 
the enormous volume of the feces and probably 
increases its absorptive activity of carbohydrates 
and even of amino acids. 

The effect of any given resection is unpredict- 
able, but is better tolerated when done in stages, 
as sometimes happens in progressive Crohn's 
disease. The presence of a segment of ileum, the 
ileocecal valve and as much colon as possible 
seems to be a decided advantage (Althausen et al., 
1950; Brezin and Oren, 1954; Pietz, 1956; 
Trafford, 1956; Pilling and Cresson, 1957). 


Fat Absorption 

A healthy individual normally absorbs about 
95°. of the ingested fat, mainly from the ileum. 
Absorption depends, apart from surface area, 
upon food arriving at the right place at the right 
time after contact with appropriate ferments, and 
there remaining for a sufficient period. If the 
fat is rushed through the small remnant and 
reaches the colon before the lipase has done its 
work it is already beyond the absorptive area. 
Such a concept has been summarized as a time- 
contact relationship between food, ferments and 
mucosa (Berman ef ail., 1950). Splitting con- 
tinues in the colon where fatty acids (especially 
long-chain) irritate the colonic mucosa and lower 
the pH of the bowel contents. As much as 97°/ 
of the ingested fat may be recovered from the 
stool, where approximately half of it is split. 
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Such figures have been obtained on a high fat 
intake of about 180 grams while on a lower fat 
intake the percentage of fat in the stool may 
decrease, though the amount absorbed (6:5-8 
grams) does not increase (Jackson and Linder, 
1951). Other writers report a loss in the faces 
of 77% (Althausen et al., 1949), 45° (West et al., 
1938; Todd er al., 1940) and 20°% (Christensen 
et al., 1950), more or less according to the length 
of remaining bowel, though Schwartz’s case 
(Schwartz ef al., 1955) absorbed 50°% of ingested 
fat with no bowel between duodenum and trans- 
verse colon, and in two other patients fat absor- 
tion was apparently unaffected with only 3 ft. 
or less of remaining small bowel (Kositchek and 
Rabwin, 1950; McClenahan and Fisher, 1950). 
Absorption of vitamin A (as a measure of fat 
absorption) can vary between 36° and 22°% of 
normal (Althausen ef a/., 1950). The butter 
absorption test, on the other hand, shows a 
marked improvement with time, to almost normal 
performance (Althausen ef a/., 1949; Althausen 
et al., 1950). This may be a measure of two 
different mechanisms (viz. Fraser’s hypothesis of 
dual absorption of fats) whereby the neutral fat 
is very much more easily handled than fatty acid 
(Althausen ef al., 1950). This observation is 
confirmed by others (Pearce et al., 1953). 

There are other factors adversely affecting the 
absorption of fat. The reaction of the bowel 
contents has been found to be at a pH of 3-5 to 
6 (Jackson and Linder, 1951, 1955; Pietz, 1956): 
while lipase, and incidentally trypsin (Jackson 
and Linder, 1951), has hardly any activity at a 
reaction below 8 (Best and Taylor, 1955). The 
acidity is thought to be due to the lack of alkaline 
pancreatic juice and succus entericus. Pancreatic 
secretion has been measured and found to be 
reduced (Jackson and Linder, 1951) and at 
necropsy the pancreas is often atrophic. The 
flow of pancreatic juice is normally stimulated by 
secretin and pancreozymin (Harper and Raper, 
1943) which are formed in the small bowel. 
Lack of these when the small bowel is missing 
would cause a deficient flow. The acid gastric 
secretion also acts as a stimulus to pancreatic 
activity and the frequent finding of hypo- 
chlorhydria (Jackson and Linder, 1951) might 
also contribute to impaired function. Thus not 
only is there a deficiency of pancreatic lipase, 
but what is available is likely to be inactivated 
by the low pH values. 


Proteins 

Not only is the absorption of protein less 
affected than that of fat but powers of recovery 
exist (Althausen er al., 1950), from 17°, initially 
to 88° eventually of average normal values, as 
shown by methionine tolerance test. Never- 


theless, excessive nitrogen loss in the stool, 
mostly in the form of undigested meat fibres, is 
to be expected when more than 13 ft. of bowel 
have been lost (Haymond, 1935). Plasma 
proteins are maintained at a relatively normal 
figure and ratio until the final stages of the 
struggle in those who succumb to their disability. 
Whenever nitrogen balance studies have been 
carried out a positive balance is usually found 
(Berman ef al., 1950), though sometimes only 
when fat intake is restricted (Jackson and 
Linder, 1951). Increasing the fat intake reduces 
protein absorption. (Edema is uncommon and 
when it has occurred seemed to be due to causes 
other than hypoproteinemia. Utilization of 
protein varies between 40°, and 100°;, according 
to the length of remaining bowel (West es a/., 
1938; Todd et al., 1940; Althausen er a/., 1950: 
Berman ef al., 1950; Pilling and Cresson, 1957). 
The greater ability to absorb protein (rather than 
fat) may be in part due to the demonstrable 
powers of the colon to absorb amino acids 
(Brezin and Oren, 1954) and the higher split 
products of casein hydrolysis (Short and 
Bywaters, 1913; Rhoads et al., 1939). 


Carbohydrates 


The ability to absorb carbohydrate, also water, 
is the earliest to recover and is usually complete. 
Glucose absorption is the first to return, 
followed by that of galactose, and the absorption 
of methionine and glycine follow (Althausen 
et al., 1950). Glucose is more easily handled 
than starch, which requires first to be hydrolysed 
and may well be in the colon before this is 
complete. The presence of so much carbohydrate 
in the colon in contact with the bacterial flora 
results in much fermentation and gas production 
and is thought to give rise to the abdominal 
cramps and bloating which these patients 
frequently suffer, and which can be temporarily 
improved by partial elimination of the flora by 
antibiotics (Althausen ef a/., 1949). The stomach 
and duodenum are capable of some glucose 
absorption and the colon is thought to absorb 
glucose in isotonic solution at a slow rate (1/10 
of that of duodenum and upper jejunum). The 
glucose tolerance curves are nearly always flat, 
which usually indicates impaired absorption, 
though patients deriving calories almost entirely 
from carbohydrates to the exclusion of fat may 
show increased tolerance (Jackson and Linder, 
1951). If the intravenous glucose tolerance test 
is normal then impairment of absorption can be 
deduced. Excessive carbohydrate loss in the 
stool is not found, though this may be partly due 
to the utilization and destruction of carbohydrate 
in the colon by bacteria (Althausen er al., 
1949). 


ok 


Vitamins 


The fat-soluble vitamins (A, D, E and K) are 
likely to be imperfectly absorbed in the presence 
of steatorrhceea and the vitamin-A absorption 
curve is actually used as a measure of fat 
absorption. Plasma vitamin A and carotene 
have been found to be reduced (Jackson and 
Linder, 1955). 

Vitamin B complex is poorly absorbed and 
vitamin By, is sometimes not absorbed at all, 
despite normal blood pictures (Oxenhorn ef ail., 
1958; Adlersberg, 1957). This vitamin is 
normally absorbed from the lower ileum (Cooke 
et al., 1957), a segment often missing after 
massive resection. Despite this the occurrence 
of macrocytic anemia in cases of pure resection 
is rare, if it occurs at all. 

There is also, surprisingly, extreme difficulty 
with vitamin-C absorption, which may show 
very low serum levels (Althausen er al., 1949; 
Jackson and Linder, 1951), though reports of 
frank scurvy have not been found. 


Minerals and Electrolytes 


Tron.—Anemia is exceptionally uncommon 
after massive resection when the remaining bowel 
is healthy and no chronic bleeding drains the 
body’s iron reserves (Jackson and Linder, 1951, 
1955). This may be explained by the modern 
concept of 100°, iron conservation of which the 
body is capable (McCance and Widdowson, 
1933: Whipple and Robbins, 1936). Nor has 
anemia, either microcytic or macrocytic, been 
obtained experimentally by massive resection 
alone (Miller and Rhoads, 1935: Petri ef al., 
1942; Brown, 1949), although in the presence of 
persistent disease or blind loops or intestinal 
strictures it is common. 


Calcium and phosphorus.—The absorption of 
calcium and phosphorus seem to run roughly 
parallel (Todd er al., 1940), the calcium loss in 
the stool depending directly upon the fat content 
and indirectly upon the fat intake (Todd ef al., 
1940; Cogswell, 1948). Balance studies have 
usually shown a small negative calcium balance, 
but in a degree easily compensated by drawing 
on the body’s calcium reserves. Despite the 
negative balance osteoporosis may not be 
recognizable after two or three years (Jackson and 
Linder, 1955; Pietz, 1956). In a few patients 
(19°, of a series reviewed by Pietz, 1956) the 
calcium loss has been great enough to cause a 
lowered serum calcium and even tetany (West 
et al., 1938; Cogswell, 1948; Pietz, 1956), though 
according to other authors this is surprisingly 
rare where persistent disease and blind loops are 
excluded (Jackson and Linder, 1955). This may 
be understandable if, as reported by Berman et al. 
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(1950), normal fecal values for calcium soaps 
can exist, despite a very high fatty acid content. 
Achlorhydria may aggravate the absorptive 
difficulty. Although calcium is for the most part 
normally absorbed in the duodenum and upper 
jejunum the presence of a segment of ileum, 
however small, and the ileo-cecal valve seems to 
make hypocalcemia unlikely (Pietz, 1956). 

Excessive quantities of sodium and potassium 
are lost in the stool, sometimes amounting to ten 
times the normal excretion. 


Other Findings 
The bacteriology of the stools has not differed 
from normal (Jackson and Linder, 1951), 


Post-mortem Findings 

The liver may be normal (Jackson and Linder, 
1951), though atrophy (Martin ef al., 1953), 
fibrosis (Jackson and Linder, 1955) and fatty 
infiltration have been recorded. 

The intestinal remnant is dilated and the walls 
thickened by cedema and muscular hypertrophy. 
Sometimes a slight elongation has been found 
post mortem, but just as often no change. Hyper- 
trophy of the mucous membrane has been des- 
cribed, in that the intestine is larger in calibre and 
there is greater redundancy of the lining (Martin 
et al., 1953). Whether dilatation is an advantage 
is doubtful since it does not necessarily lead to an 
increase in absorptive surface, as the same 
amount of mucosa accommodates to the dilata- 
tion by losing some of its reduplication. Further- 
more, the larger the calibre of the intestine the 
greater is the ratio of intestinal volume to 
absorptive surface. At the same time an increase 
in the number of mucosal cells (if it occurs) must 
be a gain, whatever the calibre of the gut, in 
which wastage of food material is inevitable. 


TREATMENT 

In the immediate post-operative phase fluid 
losses from all measurable sources must be 
charted and replaced intravenously. Serum 
sodium, potassium and chloride levels are 
checked almost daily as a guide to electrolyte 
losses. An adequate urinary excretion of 1-14 
litres should be maintained. All intravenous 
fluids should contain 5°, of dextrose in solution. 
Intravenous fat, when available, is a_ useful 
adjunct, both as a more concentrated form of 
fuel and by way of supplying that food element 
which is most severely curtailed. Intravenous 
protein hydrolysate may be useful when recovery 
is prolonged. 

Normal oral feeding is resumed as soon as 
possible. Food intake should be frequent and 
in the most massive resections almost continuous 
(Berman et al., 1950). In this way the remaining 
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small bowel mucosa is used to best advantage: 
food passes through at an even rate and the 
sudden rushes and dumping of large meals, 
which aggravate the intestinal hurry, are avoided. 
The patient is gradually settled on to a diet of very 
low fat content, though dairy fats in cream and 
butter should be allowed up to the limits of 
tolerance (Althausen ef a/., 1949; Althausen er 
al., 1950; Bothe ef al., 1954). The diet should 
contain an excess of calories (up to 3,000) to 
allow for the wastage, and be high in carbo- 
hydrate, and high or medium (Meyer, 1946) in 
protein. Starches are avoided as they increase 
intestinal fermentation and lead to cramps and 
distension (Althausen ef a/., 1949). It is almost 
universal experience that these patients will thrive 
better if allowed a fairly wide choice of appetising 
foods and any attempt to “fortify” the diet with 
unpalatable protein hydrolysates, purées and the 
like simply results in a reduced intake and further 
loss of weight, and may aggravate the diarrhoea 
(Althausen ef al., 1949; Christensen er a/., 1950; 
Jackson and Linder, 1951; Berman ef a/., 1953; 
Pilling and Cresson, 1957). Vitamins A, B, C, 
D and sometimes K (Christensen ef a/., 1950) are 
required in amounts in excess of normal and may 
have to be injected when deficiency is established. 
If diarrhoea persists depletion of sodium and 
potassium may occur, but can usually be balanced 
by increased oral intake. 

Attempts are made to slow down the rate of 
intestinal passage and opium has been found most 
effective, though autonomic ganglion-blocking 
agents are also useful (Brezin and Oren, 1954). 
The whole range of constipifacients should be 
tried in an effort to find the formula most suited 
to the individual. Vagotomy was without effect 
(Weckesser ef al., 1951; Marien and McCorriston, 
1952). 

Demulcents such as Tween-80 do not improve 
the fat absorption, though pancreatin has 
seemed of benefit to the patient without demon- 
strably reducing the fecal fat loss (Christensen 
et al., 1950; Pilling and Cresson, 1957). 
Roughage is usually avoided. 

Calcium and iron in a soluble form are also 
prescribed and can be given by injection when 
the need is urgent and oral therapy is ineffective 
or too slow. 

Cortisone has been used and seems on 
occasions to have improved the absorption 
of carbohydrate and fat (Adlersberg 1957). 
Diarrhoea has lessened and weight has been 
gained. Elsewhere cortisone and ACTH were 
without avail, or even harmful in other respects. 
Pregnancy has on occasions brought about a 
marked improvement in absorption (Montgomery 
and Pincus, 1955). 

The effect of folic acid in reducing the fecal 


fat is worth trial (Schwartz er al., 1955). 
Capsules and tablets often appear unchanged in 
the stool and should be abandoned in favour of 
liquid or powdered preparations (Lawrence, 
1953). 


COMPARISON WITH OTHER SYNDROMES 

The picture produced by massive resection is a 
combination of starvation and steatorrheea, 
with the secondary effects of reduced calcium 
absorption and vitamin depletion. When com- 
pared with the findings in cases of sprue, 
idiopathic steatorrhoea, chronic small intestinal 
obstruction, blind loop and gastro-colic fistula 
certain differences appear. Anzmia of any kind 
is uncommon and_ hypoproteinemia only 
terminal, while calcium absorption is often only 
mildly affected. The difference may be due to 
the presence of a length of normal gut, however 
short, as compared with the other syndromes in 
which the changes (probably bacterial) affect the 
entire length of small bowel. 
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DISCUSSION 

Professor L. J. Witts: When President Eisenhower 
had a by-pass operation for regional ileitis, a number 
of people said to me, “Is it not dreadful about 
Eisenhower, having this blind loop created”, but of 
course that is not the case. It is only quite a small 
proportion of patients with a blind loop who develop 
anemia or other symptoms afterwards, and physicians 
prefer surgeons to go on treating regional ileitis by 
means of anastomotic operations rather than by 
resecting lengths of intestine. The development of 
anemia and steatorrhaea seems to have something to 
do with a change in the intestinal flora and it may be 
greatly delayed. Sometimes a man may go for ten 
or fifteen years—I think we had one patient go nearly 
twenty years after an operation in which a stagnant 
loop had been created—before anemia develops and 
in the majority it does not develop at all. 

I was interested in the discussion of the site of 
resection. The earlier speakers emphasized that the 
jejunum has a much better absorptive surface than 
the ileum and one would think that when the jejunum 
was removed it would produce much more effect 
than when the ileum was removed. However, a good 
deal of experimental work suggests that removing 
the lower end of the bowel may be more harmful 
than removing the upper end and that this has to do 
with the slower rate of peristalsis in the ileum and the 
fact that the ileum acts as a second stomach. I 
would therefore support Mr. Pullan’s view that 
whenever possible the lower ileum should be left. 


Dr. R. H. Girdwood: I have been studying 
for some years now the question of bacteria in 
the small intestine, particularly in the “blind loop” 
syndrome. I agree that there are practically no 
bacteria normally in the small intestine, but from the 
small intestines of 7 patients, 5 with the “blind loop” 
syndrome and 2 with idiopathic steatorrheea, there 
have been isolated 37 strains of organisms, mostly 
E. coli. These were obtained at operation, except 
in the idiopathic steatorrhaea patients, where the 
cultures were obtained at autopsy. 

Studies are being made of what these organisms 
will do with vitamins and amino acids in culture 
media. One would expect them to take up vitamin 
B,, because the megaloblastic anemia in the *‘blind 
loop’’ syndrome is due to vitamin B,,. depletion and, 
in fact, all these organisms have taken up vitamin B,9. 
When radioactive vitamin B,, has been used in the 
culture medium, they have taken up the radioactivity. 
The work involved in this study is considerable, but 
so far it appears that the organisms can take up 
arginine, lysine, leucine and isoleucine, and that they 
do not take up folic acid, pantothenic acid, 
phenylalanine or methionine. They appear to be 
able to synthesize folic acid and possibly pantothenic 
acid, under very specialized cultural conditions. The 
work has been done aerobically so far, but anaerobic 
studies are under way. 
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Medical Commentary on Disorders of the Small 
Intestine (Excluding the Duodenum) 


By F. Avery Jones, M.D., F.R.C.P. 


Department of Gastroenterology, 
Central Middlesex Hospital, London 


I PROPOSE to approach this medical commentary 
from the viewpoint of a practising physician 
rather than attempting an academic integration 
of the subject. As is obvious from the excellent 
papers we have heard, there has been substantial 
and exciting progress in our understanding 
physiologically and clinically of the small 
intestine. Nevertheless, one must admit at once 
that the small intestine remains an occult area, 
unlit by any endoscopy lights, difficult to intubate 
and sometimes poorly visualized radiographically. 
However, by patience and skill, one can do much 
to locate and identify orgenic disease of the 
small intestine. What we are less successful at 
doing is to unravel the subtle disorders of 
function which, no doubt, contribute to the 
so-called functional and nervous dyspepsias and 
the non-specific diarrhoeas. Nevertheless, pro- 
gress continues—already the secrets of the small 
intestine are being broadcast from little capsules 
containing minute transistor wireless sets and 
recording changes in pressure and pH. Within 
reasonable time, such diagnoses as enterospasm 
will either be substantiated by special motility 
tracings or refuted. 

The small intestine intrudes into the clinical 
picture in considering such problems as 
steatorrheea, chronic diarrhoea, abdominal pain, 
unexplained alimentary bleeding and anemia, 
and I propose to consider each of these in turn. 


STEATORRHGA 


In this country steatorrhoea is the main clinical 
syndrome of malabsorption from the small 
intestine. I propose to discuss first the basic 
mechanisms leading to the development of 
steatorrhoeea and then to review some of the 
clinical syndromes associated with it. 

Malabsorption from the small intestine can be 
due to four mechanisms often closely interwoven: 


(a) Inadequate mixing of food and intestinal 
secretions. 

(b) Diminished supply of biliary and pancreatic 
secretions. 


(c) Disorders affecting its secretory and 
absorptive efficiency. 
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(d) Abnormal bacterial activity in the small 
intestine with competition for essential 
nutrients. 


Inadequate Mixing of Food and Alimentary 
Secretions 

The loss of gastric digestive secretions which 

occurs, for example, in Addisonian anemia, is 


‘of no consequence to the digestion of food and 


the small intestine deals very adequately with 
the breaking down and absorption of nutrients. 
This reminds us that the hopper function of the 
stomach is of primary importance. It acts as a 
reservoir permitting orderly emptying into the 
small intestine and the orderly and persisting 
stimulation of the pancreatic and_ biliary 
secretions. It is probably this loss of hopper 
mechanism which is the primary cause of the 
malabsorption in the intestine associated with 
partial gastrectomy and particularly with total 
gastrectomy. There is failure of co-ordination; 
put simply—bile and pancreatic secretions chase 
the food down the intestine instead of meeting 
and merging with it. It is likely that the loss of 
effective pancreatic function plays a major role 
in the steatorrhoea and resulting weight loss 
after the Polya type of partial gastrectomy. 


Diminished Supply of Alimentary Secretions 

This will naturally follow any extensive disease 
of the intestine, but may be a primary failure of 
a single constituent of a digestive juice or of an 
entire gland. 

Steatorrhaea has been described due to a 
failure of bile salt production only and it is 
possible that some other cases are associated 
with a primary loss of a single component of 
the digestive juices. Alternatively, there may be 
the loss of a main contributor such as the 
pancreas. It is to be noted how very much 
better the body tolerates the loss of one com- 
ponent of digestion. Thus a patient with 
pancreatic deficiency may have tolerable health 
whereas an individual with adult cceliac disease 
with a lesser degree of steatorrhcea may be 
profoundly crippled. 

Another particularly interesting mechanism 
has recently been noted in my department by my 
colleague, Dr. W. H. J. Summerskill, who found 
steatorrhcea associated with gross gastric hyper- 
secretion of acid. This caused a very striking 
reduction of pH in the duodenum and upper 
part of the jejunum and the remarkable degree of 
acidity must have inactivated the pancreatic 
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enzymes in the upper few feet of the small 
intestine. Peptic ulceration, especially when 
atypical in site in the duodenum and upper 
jejunum and associated with steatorrheea, can be 
explained on the basis of the Zollinger-Ellison 
syndrome with a non-insulin-secreting pancreatic 
adenoma which in some, at present unexplained, 
way Causes a gross and persisting hypersecretion 
of acid. 


Disorders Affecting Secretary and Absorptive 
Efficiency 

Malabsorption must clearly follow if there is 
insufficient absorption area of small intestine. 
This can be due to surgical extirpation of 
intestine, short-circuiting of intestine either 
iatrogenically or by nature producing an 
internal fistula which can happen from inflam- 
mation of a diverticulum of the intestine or 
from perforation of a stomal peptic ulcer. Effec- 
tive absorption from the intestine must be re- 
duced if the mucosa of the intestine is damaged 
by a disease process, or if local disease of the 
small intestine causes a hold up. So-called 
idiopathic steatorrhcea has now been shown con- 
clusively to be associated with diffuse atrophic 
changes. Widespread mucosal changes from 
other diseases such as Whipple’s disease with 
mucopolysaccharide infiltration, amyloid disease, 
and lymphosarcoma can all lead to gross loss of 
small intestine function. Localized disease of 
the small intestine can cause delay in the passage 
of intestinal contents and this seems to impair 
absorptive efficiency, over and above the loss of 
the damaged portion of the intestine. This is 
the case with Crohn’s disease, tuberculosis, simple 
stricture of the intestine or an annular carcinoma. 


Abnormal Bacterial Activity 

The final mechanism is the disturbance of 
intestinal function from the presence of an 
abnormal bacterial flora associated with the 
presence of a stagnant loop or pouch in the 
intestine—the “blind loop” syndrome. The same 
mechanism operates in causing the steatorrhoea 
associated with gastrocolic fistula. The “blind 
loop” syndrome mechanism contributes to the 
malabsorption after a Polya partial gastrectomy, 
in multiple diverticulosis of the intestine and in 
patients with Crohn’s disease treated by short- 
circuiting procedures. 


I propose to give a short clinical commentary 
on the various causes of steatorrhoea as they 
relate to the small intestine. Patients do not 


often come with a clearly established diagnosis, 
and sorting out the causes is one of the fascina- 
tions of clinical practice. 

M. Shiner has discussed the semantic 
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problems concerning the use of the term “‘idio- 
pathic steatorrhoea”. Cooke (1958) prefers the 
term “‘adult coeliac disease’’ but this may be only 
one subdivision and it may be preferable to retain 
the term “idiopathic steatorrheea”’, recognizing 
that it may contain several subgroups which may 
be split off when they are clearly established. 

Idiopathic steatorrheea in its florid form is easy 
to recognize but even then one must exclude the 
secondary causes. The diagnosis has got to be 
considered not only when the stools are pale, 
bulky and offensive, and with continuing dia- 
rrhoea and weight loss, but also when there are 
intermittent bouts of loose stools or watery 
diarrhoea lasting for a few days and recurring 
several times a year and with relapses precipitated 
by some nervous or physical strain or by an 
unusually fatty meal. Constipation may exist 
between such attacks, intermittent nausea and 
vomiting may be a main feature and as gastric 
stasis may occur pyloric stenosis may be mis- 
diagnosed. The diagnosis must be considered 
again often in the absence of any significant 
diarrhoea in patients with unexplained anemia, 
unexplained cramps or tetany, or a bleeding 
tendency due in fact to deficient absorption of 
vitamin K. Again the clinical picture of 
Addison’s disease with weakness and skin pig- 
mentation may be closely mimicked by idio- 
pathic steatorrheea. 

The diagnosis of “idiopathic steatorrhcea” 
rests on the demonstration of increased fat ex- 
cretion by three-day stool estimations and finding 
more than 6 grams a day on a normal dietary 
intake. The diagnosis is confirmed by the 
demonstration of a_ histologically abnormal 
jejunal mucosa and a usually good response to 
gluten-free diet. The critical investigation is the 
finding of gross histological changes, and I have 
been fortunate in having the assistance of Dr. 
Shiner in studying my cases. With idiopathic 
steatorrhoea one expects to find: 


(a) A reduced xylose excretion. 


(b) Anemia with macrocytosis, and associated 
with low serum B,, levels and impaired folic 
acid absorption. 

(c) A flat blood sugar curve. 


(d) An abnormal small intestine pattern radio- 
logically. 


The essential nature of idiopathic steatorrheea is 
gradually becoming clearer and the present evi- 
dence has recently been summarized by Cooke 
(1958). It appears to be a familial constitutional 
disturbance and probably associated with a 
deficiency of an enzyme concerned with folic acid 
metabolism, but whether this is in the intestinal 
mucosa or liver is as yet uncertain. 
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Tropical sprue has to be regarded as basically 
different from “‘non-tropical sprue” or idiopathic 
steatorrheea. There is a good clinical response 
to folic acid but no response to gluten-free diet. 
Intestinal biopsy does show some histological 
changes which are reversible and the folic acid 
test will return to normal. 

Cooke (1958) has suggested that jejunitis which 
can on occasion simulate idiopathic steatorrhoea 
may prove to be the non-tropical counterpart of 
tropical sprue. 

The causes of steatorrhoea secondary to a 
definite disease process are: pancreatic disease, 
internal intestinal fistula, Crohn’s disease, intest- 
inal tuberculosis, Whipple’s disease, scleroderma, 
granulomatosis, jejuno-ileitis, blind loops, jejunal 
diverticulosis, inadvertent gastro-ileostomy, 
neuropathic diabetes, thyrotoxicosis, lympho- 
sarcoma and other tumours involving the small 
intestine and following vascular insufficiency. 

Pancreatic steatorrheea, the only cause not 
directly involving the small intestine, may be 
diagnosed by duodenal intubation, blood sugar 
curve, and X-ray evidence of pancreatic 
calcification. There is no anemia. 

A history of previous abdominal operations 
may provide the clue to the presence of a blind 
loop. A dilated pouch associated with a side-to- 
side anastomosis can cause a blind loop with its 
attendant dangers. A barium meal should 
demonstrate a previous partial gastrectomy or 
gastroenterostomy but a barium enema will be 
needed to exclude a gastro-jejuno-colic fistula. 
Multiple diverticulosis of the jejunum may be 
easily confused radiologically with chronic 
intestinal obstruction, and multiple fluid levels 
should be carefully scrutinized with this possi- 
bility in mind. Radiology again will usually give 
a good lead towards the possibility of localized 
Crohn’s disease or the rare diffuse jejuno-ileitis 
described by Cooke. In Great Britain active 
tuberculosis affecting the small intestine now 
seems to rank among the least common causes, 
but only thirty years ago it was accorded a major 
role for causing lacteal obstruction and steato- 
rrhoea. Nevertheless, one is still entitled to look 
for tubercle bacilli in the stools, and I, personally, 
never treat a case of presumptive Crohn’s disease 
with corticosteroids without anti-tuberculosis 
therapy as well. 

Scleroderma, diabetes and thyrotoxicosis will 
be obvious from the case history. Whipple's 
disease is a fascinating rarity to diagnose. The 
association of arthritis, lymphadenopathy and 
pigmentation with diarrhoea raises the possibility, 
and the diagnosis can be confirmed by biopsy of 
a peripheral lymph node or by jejunal biopsy. 
The characteristic infiltration with mucopoly- 
saccharides staining pink with the periodic acid 
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Schiff technique establishes the diagnosis. In 
one case with which I was concerned the mes- 
enteric lymph nodes were enormously enlarged, 
and deformed the duodenal loop, raising the 
possibility of carcinoma of the pancreas. | 
suspect that Whipple’s disease is, in fact, a 
systemic disorder and the abnormal mucopoly- 
saccharide is merely selectively deposited in the 
intestinal mucosa. 

In older age groups particularly the possibility 
of lymphosarcoma or reticulosarcoma involving 
the mesenteric lymph nodes and mucosa is a very 
real one. A high white cell count is a possible 
clue but the diagnosis may not be made unless 
a laparotomy is performed. 


CHRONIC DIARRHEA 

Having discussed steatorrheea I would like to 
consider the small intestine in relation to the rest 
of the clinical problem of chronic diarrhea. It is 
here that much more basic work is needed in 
sorting out the mechanisms and causes of dia- 
rrheea in relation to the small intestine. In the 
absence of more precise physiological knowledge 
one continues to classify diarrhoea anatomically 
and to think of small intestine diarrhoea as a group 
of patients with continued soft or often watery 
stools without blood or mucus and usually with- 
out periods of constipation. These may be due 
to the physical states affecting the small intestine 
which have already been referred to in consider- 
ing steatorrhea. A bigger problem numerically 
is those cases where thorough investigation is 
conclusively negative and yet a troublesome 
diarrheea persists which one suspects is small 
intestinal and functional in character. These 
patients predominantly have nervous factors at 
least aggravating them. At one end of the scale 
there are the psychoneurotic individuals with life- 
long bowel irritability started by some psycho- 
logical problem long since lost in the unconscious 
although sometimes one gets an inkling of it. In 
lesser degrees they are individuals who had 
“expedition” diarrhoea as children with bowel 
looseness before any party or outing. Later in 
life any nervous tension hits their weak spot offen 
precipitously. They are predominantly sensitive 
folk who get “bottled up” inwardly and they 
achieve an inner nervous tension which it is diffi- 
cult for the more phlegmatic individuals to 
appreciate, but it is very real and an important 
factor to appreciate in the management of these 
individuals who can be enormously helped by a 
kindly understanding. Sometimes, however, one 
may fail to appreciate fully enough the personality 
of the individual and this was so with one of my 
patients worn out by personal difficulties and 
whom I sent to rest awhile in Devon—the poor 
town lady was petrified by the sight of cows 
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coming down the lanes and her bowels reacted 
very appropriately. However, my reputation was 
saved when I sent her to sit on the beach among 
the thousands at Clacton-on-Sea! One needs to 
know much more about the mechanisms in these 
cases and I hope that the recently developed 
technique of studying small intestine motility will 
provide a clue. One wonders if there is any 
physiopathological prerequisite. Could there 
be an excess of argentophil cells with overpro- 
duction of serotonin? Could there be an ana- 
tomical variation in the nerve plexuses? Could 
there be abnormal pathways within the brain so 
that emotional loads were short-circuited to the 
basal nuclei? There are other possible mechan- 
isms for functional disorders of the small intest- 
ine. One has to keep in mind the possibility of 
habitual flogging of the bowels by aperients, 
sometimes a fact concealed by the patient and 
leading to even more serious episodes of illness 
from potassium deficiency and even necessitating 
urgent hospital admission. One of my female 
patients was under the impression, which person- 
ally I could not confirm, that without aperients 
there was some abdominal distension. To 
counteract this she took 2 to 4 vegetable laxatives 
daily which produced several pints of watery 
feeces a day, and indeed the husband was dis- 
turbed by the explosive sounds emerging from 
the lavatory and which could be heard all over the 
flat! She needed admission to hospital every 
three to six months for treatment of her potassium 
deficiency. The really difficult cases are those 
who conceal their taking of aperients but, fortun- 
ately, one can test for the common ones in the 
urine. Another possible mechanism of functional 
diarrhea is the presence of abnormal bacterial 
activity in the small intestine which has already 
been discussed. With gross contamination and 
from_blind loop or gastrocolic fistula a gross 
steatorrheea results but it is possible that lesser 
degrees can exist and this may explain the bowel 
looseness in association with cirrhosis hepatis and 
probably other cases too. It is likely that there 
is abnormal breakdown of long chain fatty acids 
into the short chain and very irritating fatty acids. 
Allergy remains a_ possibility to consider. 
Occasionally one may determine a really clear- 
cut relationship but most often the cause is 
difficult and subtle such as a penicillin sensitivity 
from drinking milk from a cow receiving peni- 
cillin. The case for allergy in relation to dia- 
rrhoea has been often overstated but stripped of the 
enthusiasms of its exponents it remains as a small 
but significant facet of the problem. It need not 
necessarily be a true allergy as the experience of 
gluten sensitivity has shown. A simple elimina- 
tion diet is a perfectly reasonable approach to 
some of the intractable cases of diarrhoea. There 


still remain patients without adequate explanation 
of diarrhea—thyrotoxicosis has to be recon- 
sidered. Another possibility, of which I have 
seen several examples, is a solitary small intestine 
diverticulum as a cause of continued or recurrent 
diarrhoea doubtless acting as a nidus of small 
intestine infection. Crohn’s disease can be very 
difficult to diagnose in the early phase radio- 
logically and must be kept very much in mind. 
Rarities such as carcinoid tumours of the intestine 
and the Zollinger-Ellison syndrome must be 
thought of. The problem of advisability of a 
laparotomy comes into the picture and my own 
bias is towards one if a nervous origin seems 
unlikely and it is the only certain way to make 
sure that the physical causes are eliminated. 


ABDOMINAL PAIN 

The small intestine will next be discussed in 
relation to recurrent pain. I personally doubt if 
it makes any appreciable contribution to the 
common functional dyspepsias, but there is a 
possibility of vascular ischemia in older age 
groups leading to abdominal angina, and with 
discomfort coming on after meals, and also to 
steatorrhoea (Joske a/., 1958). Acute indiges- 
tion with crampy pain coming on some time after 
a meal perhaps waking the individual at night 
may be due to a “bolus” colic with undigested 
pulpy food rolled into a ball and causing a 
physical obstruction. This is the mechanism of 
green apple colic in little boys!’ The same occurs 
particularly in adults after partial gastrectomy 
and eating whole oranges or incompletely soaked 
dried fruit, for these can lead to the complete 
clinical picture of intestinal obstruction—it is, in 
fact, a wise precaution to warn patients after 
partial gastrectomy of this possibility. 

Enterospasm is a common explanation for 
recurrent and often severe pain particularly in 
women, and I have no doubt it is a mechanism, 
but one must consider carefully other factors 
which may produce severe spasmodic pain; 
porphyria, lead poisoning, hemolytic crises, in- 
cluding nocturnal hemoglobinuria, all turn up as 
occasional causes of recurrent and apparent 
small intestinal colic. Perhaps the same is true 
for drug addiction and in my own experience I 
suspect that a common perpetuating mechanism 
of a recurrent abdominal pain is pethidine or 
levorphanol, and an essential step in the manage- 
ment of such patients is to wean them from the 
opiates with the help of heavy sedation by barbit- 
urates and Largactil. Recurrent small intestinal 
colic always raises the possibility of recurrent 
intussusception in relation to a polyp or carcin- 
oma. A long history may tend to exclude this 
possibility, but in my experience carcinoma of the 
small intestine is an exceptionally slow growing 
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tumour and histories of three to eight years of 
recurrent pain sometimes coming on after meals 
is not uncommon. Anemia plus the finding of 
occult blood in the stools makes a laparotomy 
imperative. Polyps may be adenomatous as with 
the Peutz-Jeghers syndrome or neurogenic, or a 
leiomyoma and one notes the presence or absence 


of pigmentation in the mouth and around the lips _ 


and looks for any stigmata of von Reckling- 
hausen’s disease. 

Obscure abdominal pain may be part of the 
clinical picture of lupus erythematosus or peri- 
arteritis nodosa, the latter being due to discrete 
and multiple ulceration of the intestine. Less 
exotic but more important practically is intestinal 
infestation with tapeworm or round worm and 
this possibility must be excluded in all problems 
of obscure abdominal pain. 


ALIMENTARY BLEEDING AND ANAMIA 

The clinical problem of anemia in relation to 
the small intestine depends on the interplay of 
impairment of absorption of iron, folic acid and 
vitamin By. Vitamin By is absorbed mainly 
from the lower end of the smal) intestine and low 
levels arise in several ways. There may be a 
primary deficiency of intrinsic factor. There 
may be competition for B,, by intestinal bacteria 
or by the Dibothriocephalus latus. There can be 
an intracellular defect of absorption in idio- 
pathic steatorrheea and regional enteritis correct- 
able by steroids. Finally it may be due to 
resection of the lower part of the intestine. 

Folic acid on the other hand is absorbed mainly 
in the jejunum (Cox et a/., 1958) and iron in the 
first 18 in. of the small intestine. Possibly in 
some patients this may be less and the length of 
the afferent loop after partial gastrectomy may be 
a vital factor in determining iron deficiency 
anemia after the operation. 

I would like to elaborate briefly the problem of 
blood loss anemia in relation to the small intest- 
ine and I have learned to keep in mind certain 
unusual causes of intermittent blood loss. Von 
Willebrand’s disease is a blood dyscrasia with a 
variable and abnormal bleeding time, and with 
family and personal history of increased bleeding 
tendency, and may be characterized by alimen- 
tary bleeding. True hemophilia can also be a 
cause. Pseudoxanthoma elasticum (Grénblad- 
Strandberg syndrome) is a condition associated 
with widespread fragmentation of elastic tissue 
and a tendency to rupture of blood vessels within 
the alimentary tract causing recurrent hematem- 
eses and melena. The diagnosis is suggested 
clinically by finding a yellowish infiltration of the 
skin of the neck, axilla and groin associated with 
abnormal skin elasticity. One keeps in mind the 
possibility of other general medical conditions 
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which can cause bleeding, Henoch-Schénlein 
purpura, chronic nephritis, amyloidosis and 
possibly occasional food allergy. 

The local conditions of the small intestine 
causing bleeding include simple tumours, leio- 
myoma particularly, diverticulosis exceptionally 
but perhaps with enteroliths present, solitary 
ulcers of the intestine, ulceration associated with 
blind loops or idiopathic steatorrhoea. Another 
intestinal cause is telangiectasia as part of Osler’s 
disease, also localized or diffuse hawmangio- 
matosis and aneurysms eroding the intestinal 
wall, arteriosclerotic, mycotic or syphilitic. All 
these occasional causes of intestinal bleeding can 
cause great difficulty in diagnosis. 

Small intestine enemas, passage of Miller- 
Abbott tube may help in locating the lesion, as 
may the string test. Even at laparotomy a small 
lesion may be extremely hard to find and may be 
overlooked For this reason, I believe the best 
time to do a laparotomy is when there is active 
bleeding. I have seen a leiomyoma previously 
missed twice at laparotomy discovered in this way. 

In conclusion the diagnosis of small intestine 
lesions remains an exercise in patience and 
awareness of the many difficulties concerning this 
silent area of the body. 
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Surgical Commentary on Disorders of 
the Small Intestine 


By Joun Bruce, C.B.E., T.D., P.R.C.S.Ed., 
(Hon.) F.A.C.S. 


Edinburgh 


THE surgical commentator on disorders of the 
small intestine is confronted with a choice of 
approach—a difficult choice in a limited time 
and in a “mixed” company where matters of 
surgical technique are of only limited interest. 
He may choose to range widely—and_ perforce 
superficially—over a number of topics; or he 
may confine his survey to some particular facet 
of the problem. Each course has something to 
commend it; but I have elected to pursue the 
first, since it may serve to highlight the gaps in 
our knowledge of the small intestine and its 
diseases. 

I can hardly escape some reference to current 
surgical technique, however, for it is now 
generally recognized that this is no longer the 
province of the surgeon alone. Very often the 
late sequelz of our exercises in intestinal surgery 
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provide our medical colleagues with some of 
their most baffling and difficult problems in 
diagnosis and in treatment; and the task of 
interpreting symptoms and signs is rendered 
easier by some familiarity with the purpose and 
method of operation. 

Until comparatively recently, surgical interest 
in the small bowel was concentrated on the 
acute emergencies to which it gave rise. For the 
most part these emergencies comprised the 
various forms of obstruction, and the occasional 
perforation of a simple ulcer or a malignant 
growth. 


ACUTE INTESTINAL OBSTRUCTION 


The high mortality attending the acute 
obstructions prompted a very avalanche of 
research which is now almost ancient history. 
As a result, the morbid physiology of ileus is 
reasonably well comprehended: it would be 
equally gratifying to claim that in consequence 
our therapeutic efforts had become universally 
and invariably effective. In fact this is not the 
case. Though there has been a steady decline 
in the overall mortality, in many places the 
death-rate from strangulation has not lessened, 
and some centres have actually recorded an 
increase. 

The reason for this is all too obvious. It is a 
direct consequence of delay in identifying those 
types of obstruction that can be properly treated 
only by early operation. 

Differentiation between the several forms of 
acute small bowel obstruction was formerly an 
academic exercise, since early surgical intervention 
was the rule in all varieties. Unfortunately, a 
simple surgical issue has been clouded by the 
success that sometimes attends the modern 
non-operative techniques of gastro-intestinal 
suction and intravenous fluid therapy. 

Used in the correct circumstances—simple 
occlusion and paralytic ileus—these procedures 
may be effective and life-saving; they are quite 
ineffective—indeed, lethal—in strangulation, save 
as a part of the preparation for speedy operation. 

It is unfortunate, perhaps, that even the 
patient with strangulation may be improved 
temporarily by suction and drip. This may 
appear to sanction delay in surgical intervention; 
but in the meanwhile the inexorable and 
inevitable progression to peritonitis and gangrene 
is not stayed, and ultimate recovery may be 
seriously jeopardized. 

I suggest that it is high time we revised our 
current practice. The diagnosis of strangulation 
is sometimes easy—the “shock” of volvulus or 
infarction, the tender irreducible external hernia 
are unmistakable. But small internal hernia— 
and, even more difficult, the strangulations 
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round adhesions of a former laparotomy—may 
not differ significantly at the start from the simple 
occlusive obstructions. A constant area of 
abdominal tenderness instead of a generalized 
discomfort; rebound pain; and the persistence of 
pain between spasms of colic or despite suction 
are warnings that are too often ignored, with 
catastrophic consequences. No doubt the 
position would be improved by an increase in 
our diagnostic skill; but would it not be simpler 
to revert, after appropriate and purposeful 
pre-operative treatment, to our former policy of 
operation no matter what the type of the 
obstruction? Not only those with strangulation 
would benefit; for many simple occlusions also 
come to surgery, and often later than is desirable. 

The modern “so-called’’ advances in the 
treatment of intestinal obstruction—suction, 
intravenous fluids and antibiotics—are in fact 
directed against the late effects of obstruction; 
early diagnosis and speedy operation could 
render their use unnecessary in a large majority 
of patients. 

I have an idea that our registrars—on whom 
devolves much of the responsibility for this type 
of surgery—are confused and clinically unhappy. 
A more aggressive approach would both reduce 
the death-rate, and restore some measure of 
junior surgical equanimity! 

A technical digression is perhaps admissible 
at this point. It seems that one of the deterrents 
to the acceptance of a policy of routine early 
operation is the difficulty of handling the 
distended coils of intestine, and the fear that 
splitting of the intestinal coats may occur when 
the support of the abdominal wall is withdrawn. 
In early cases the distension is largely gaseous, 
however, and this is obvious in “scout” films of 
the abdomen. Under these circumstances 
“deflation” by needle and suction, as recom- 
mended by Andrew Lowdon (1951), is a useful 
prelude to exploration, and an aid to other 
manceuvres. With care, even liquid contents 
can be evacuated safely. 


Some CAuses OF ACUTE OBSTRUCTION 


The pathological lesions that may produce 
obstruction are legion; but two to which reference 
has been made in this Symposium deserve a 
passing glance on account of the immediate and 
the remote problems they pose. 


Mesenteric Vascular Occlusion 

Massive infarction of the small bowel from 
arrest of either its arterial supply or its venous 
drainage is the most deadly of all acute 
strangulations. Few survive, and then only 
after resections of the most heroic order. The 
overwhelming mortality from operation, and the 
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fact that some recover on anticoagulant therapy 
alone has prompted many to avoid surgery at 
any cost. The truth is that only minor degrees 
of vascular occlusion without complete death of 
any portion of the bowel wall, or slowly 
developing occlusions, survive on an anti- 
coagulant regime. Complete focal infarctions, 
however small, demand operation on account of 
subsequent peritonitis. 

The role of heparin therapy is therefore clear: 
for while it cannot relieve gangrene of the bowel 
wall, either limited or massive, it can prevent 
spread of the vascular thrombosis and is essential 
both before and after operation. It is worth 
recalling that though slow occlusion even of the 
superior mesenteric artery itself can occur 
without infarction, it is often followed by 
evidences of disturbed function. Furthermore. 
in such circumstances, later operative intervention 
may precipitate fatal infarction. 


Obstruction by Small Intestinal Polypi 


The second obstructing lesion that deserves 
scrutiny is the adenomatous polyp. This is the 
commonest simple tumour of the small intestine. 
Generally pedunculated, it may be a solitary 
lesion, or the mucosa may be studded with 
polypi of varying sizes. In the latter event, 
there may be associated brown pigmentation of 
the buccal mucosa, and/or the skin of the face 
and the fingers (the Peutz-Jeghers syndrome). 

Acute obstruction is by secondary intus- 
susception, and more often this is the event that 
brings the disorder to light; though hemorrhage 
may be the first sign. Malignant transformation 
is very rare in contrast to the fate of the tumours 
of familial polyposis of the large intestine. 

In polyposis the intussusception may be 
multiple, as in a patient of Professor Andrew 
Lowdon’s who presented five separate invagina- 
tions at laparotomy; or it may be recurrent. 

For this latter reason resection should be 
avoided whenever possible, and the offending 
polyp or polyps—and any others of substantial 
size—removed enterotomy. Recurring 
resections lead to progressive reduction in the 
length of the intestine, and ultimately to a state 
of jejuno-ileal insufficiency. 


MASSIVE RESECTION OF THE SMALL 
Its AFTERMATH 

The problems arising after extensive resection 
of the small intestine have been admirably 
reviewed by Mr. John Pullan and | have nothing 
significant to add to his survey. But one point 
is worthy of emphasis. It is important to recall 
that the full clinical picture of a malabsorptive 
state sometimes does not appear for a considerable 
time. 
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In one such patient an interval of more than 
three years elapsed before nutritional disturbance, 
anemia and osteoporosis forced the patient to 
seek advice. For this reason, enthusiastic 
accounts of complete recovery following recent 
extensive excisions are interesting but essentially 
uninstructive. 

It is my distinct impression that the site of the 
excision as well as its length affects the ultimate 
prognosis. So also may the underlying patho- 
logical state, and I have come particularly to 
dread even moderately extensive resections in 
the jejuno-ileal forms of Crohn's disease. | 
have sometimes wondered, indeed, if the florid 
lesions of this disease are not accompanied by 
a more widespread but not obvious change in 
the absorptive capacity of the intestinal mucosa. 


REGIONAL ENTERITIS (CROHN'S DISEASE) 
Regional enteritis, however, is a problem 
disease in every respect. A full consideration of 
its many features of interest is outwith the scope 
of this commentary, but I would like to remark 
on some points in its pathology, diagnosis and 
treatment. 


Pathological Problems 

The accepted criteria for the pathological 
diagnosis of this disease are those established by 
Crohn and his co-workers, and by Hadfield (1939). 
It is pertinent to inquire, however, if all intestinal 
lesions labelled as Crohn’s enteritis are in fact 
the same disease. 

Characteristic naked-eye lesions may display 
a quite atypical histopathology; they have 
occurred following the perforation of a solitary 
non-specific simple ulcer of the ileum, and after 
operation for a stenosing solitary ulcer of the 
ileocecal region. 

These peculiar ulcers were first described by 
Matthew Baillie in 1807; they are rare, usually 
ileal in location, and appear to have no relation 
to the peptic ulcer that may complicate a 
Meckel’s diverticulum. The majority have been 
encountered at laparotomy for perforation, but 
there appear to be no follow-up studies of the 
eventual fate of such patients. 

Usually the ulceration which occurs in Crohn's 
disease is only a small part of the subacute 
inflammatory process, but occasionally isolated 
ulcers are found elsewhere, away from the areas 
of frank enteritis; their significance is unknown. 
At the moment our knowledge of much of the 
pathology of the small intestine is far from 
complete. 

Even the relationship of Crohn’s disease to 
apparently well-established entities like tuber- 
culosis and ulcerative colitis is not known. 
There seems no reason to doubt that tuberculous 
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ulceration of the small intestine can occur in 
association with active disease in the lungs or 
the larynx; and it has generally been assumed 
that apart from the rare congenital stenoses, 
and occlusions at the constriction ring of a 
former strangulated hernia or a_ previous 
anastomosis, fibrous strictures of the intestine 
are the result of healing with fibrosis of such 
tuberculous ulcers. In fact, similar strictures 
can occur in “burnt out” regional enteritis, or 
in areas where healing has occurred despite 
continued activity of the disease elsewhere. 

The lesion commonly known as Aypertrophic 
ileocecal tuberculosis seems to have “‘dis- 
appeared” since the identification of Crohn’s 
disease. Retrospective examination of so-called 
examples has generally disclosed a typical Crohn 
lesion; and some submitted to hemicolectomy 


have later presented with other intestinal 
granulomas with the characteristic Crohn 
pathology. There is obviously need for a review 


of the situation: and, in the meantime, it is wise 
to be cautious before applying a diagnosis of 
tuberculosis in chronic disorders of the small 
intestine. 

Ulcerative colitis appears to be a distinct and 
different entity, certainly so far as pathology goes. 
But it has some undefined relationship to regional 
enteritis; for each may follow the other, and, 
though rarely, they may be found in association. 


Diagnostic Difficulties 
Two particular difficulties may be encountered 
the differentiation between Crohn's disease of 

the terminal ileum and the functional ileal 

spasms, and the diagnosis of recurrence. 

Pain and dysfunction as a result of spasm of 
the colon are a well-recognized entity, but it is 
only recently that a similar disorder of the small 
bowel has been recognized. It constitutes an 
important form of chronic obstruction, giving 
rise to episodes of colicky pain which may 
attain a considerable severity. Diagnosis is 
rendered difficult by the fact that often there are 
radiological signs of persistent stenosis and 
proximal dilatation of the small bowel, so that 
the radiologist is unable to exclude an organic 
lesion. 

9 such patients have come under observation 
in recent years. The majority were young women, 
and in 2 the pain was so severe that laparotomy 
was undertaken on the suspicion of regional 
ileitis: the bowel was quite normal. In the 
others, the absence of a raised sedimentation 
rate and the absence of fever, signs of mal- 
absorption or of anemia justified a period of 
observation. In each case, clinical signs 
subsided, and the radiological deformity 
disappeared in three to six months. 
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I believe that a more acute and more vicious 
form of spasm is responsible for those occasional 
cases which present with all the clinical evidences 
of acute obstruction and yet a lesion is not 
discovered at operation. A series of such cases 
was recently reported by Dudley and _ his 
associates from my Unit under the title of 
“intestinal pseudo-obstruction™” (1958). 

The second diagnostic difficulty arises when 
symptoms recur after resection or short circuit. 
In most cases this is doubtless due to re- 
crudescence or to spread of the disease; but there 
are two other possible explanations: 

(1) Fibrous narrowing of the anastomotic 
stoma. Just as stenosis of an external ileostomy 
stoma can give rise to colicky pain and spurious 
diarrhoea—the syndrome known as “ileostomy 
dysfunction’—so may fibrosis of an internal 
stoma. 

(2) A short-circuited “loop” may lead to 
steatorrheea and all the systemic features of 
active regional enteritis. 

The sorting out of these several possibilities 
may call for considerable patience and ingenuity. 
The corollary is that re-operation should be 
avoided until an accurate pathological inter- 
pretation of the symptoms is possible. Many 
would go farther and urge that operation should 
be avoided even in the primary treatment of 
Crohn's disease, save as a last resort. However, 
the innumerable problems in the management of 
regional enteritis would require a separate 
symposium, and [ refrain from further comment 
at this juncture. 


THE INTESTINAL ““CUL-DE-SAC”” SYNDROME 

Fresh surgical interest in the small bowel was 
aroused by the demonstration by Witts and 
Watson (1952) that macrocytic anemia and 
steatorrhasa sometimes follow operations which 
entail the formation of by-passed loops or 
cul-de-sacs in which intestinal contents can 
stagnate; and that disorders of this so-called 
“blind loop” syndrome may be relieved by 
appropriate surgical correction. Both Dr. Card 
and Dr. Avery Jones have discussed the 
mechanism of such functional derangements and 
the lesions that cause them, from the point of 
view of the physician and the investigator; the 
practical issues which are the surgeon’s concern 
are of equal importance. 

It is not yet sufficiently appreciated that 
anemia may be a presenting symptom of small 
bowel disease in the absence of intestinal culs- 
de-sac. The microcytic anemia of a lesion 
that ulcerates and bleeds is easily understood; 
but megaloblastic anemia may dominate the 
clinical picture in such chronic obstructing 
lesions as constricting cancer or simple fibrous 
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stricture. The mechanism is probably the same 
as in the “blind loop” syndrome—stagnation 
above the obstruction, with a change in the 
nature, or the population, of the bacterial flora. 
Indeed, a clinical triad of abdominal cramps, 
megaloblastic anemia and the presence of free 
hydrochloric acid in the stomach, in the absence 
of an intestinal “blind loop” or a_ previous 
gastrectomy should always rouse the suspicion 
of an organic obstructing lesion of the small 
gut, and prompt a careful follow-through 
radiological exploration. 

Of the simple non-operative causes of “blind 
loop” symptoms, jejunal diverticulosis is one of 
the most fascinating. The condition is by no 
means rare; and until quite recently the 
diverticula were regarded as harmless pathological 
curiosities. They may bleed, even massively; 
they may become inflamed and perforate to 
fornia an abscess between the leaves of the 
mesentery; or they may give rise to megaloblastic 
anemia and diarrhoea. So may diverticula of 
the duodenum, and I have recently had 2 such 
patients under my care. From the surgeon’s 
point of view, the practical difficulty is the treat- 
ment of such cases. He is rarely fortunate 
enough to have only a solitary diverticulum to 
contend with; and there is no means of deciding 
which, or how many, of the diverticula are 
misbehaving, so that he may be confronted with 
the necessity for quite an extensive resection. 

As surgeons, we are naturally most concerned 
with the disturbances of intestinal function and 
hematopoiesis that follow operation, and with 
the possibility of avoiding them. The extent of 
an intestinal resection is determined by the 
pathological lesion, but with other procedures 
it is now clear that: short-circuits should be 
avoided wherever possible; side-to-side anasto- 
mosis is inferior to end-to-end anastomosis: 
open anastomoses that permit mucosa-to- 
mucosa apposition are better than closed 
anastomoses over clamps. I imagine that these 
are matters on which surgical opinion would be 
undivided. There is less certainty about the 
relationship between stomach operations and 
subsequent nutritional disturbance. 


GASTRECTOMY AND ITs NUTRITIONAL SEQUELA 


The occasional occurrence of steatorrhcea 
and anemia after partial gastrectomy of the 
Polya type has prompted the suggestion that a 
long loop—or stagnation in the afferent loop- 
might be responsible. Steatorrhoeeaa may also 
follow the Billroth type of operation, however, and 
when it occurs after the Polya type of anastomosis 
it cannot always be relieved by converting the 
anastomosis to the Billroth variety. In my own 
experience, steatorrhcea and diarrhoea are rare 


complications of any kind of gastrectomy. 
In almost all of the patients I have seen with this 
complication there has been some additional 
factor: inadvertent gastro-ileal anastomosis 
instead of a gastro-jejunostomy, the presence of 
a “blind loop” from a_ previous intestinal 
anastomosis, such as duodeno-jejunostomy for 
so-called duodenal ileus, or a degree of 
pancreatic insufficiency, latent and not severe 
enough to be symptomatic until after the gastric 
resection. 


TUMOURS OF THE SMALL Bowel 


Small bowel tumours are rare and assume 
many guises. Thus they may cause acute or 
chronic obstruction, either by intussusception or 
by stenosis: they may perforate (as_ the 
lymphosarcoma and the carcinoid are prone to 
do); or they may cause anemia from blood loss 
or from stagnation above a malignant stricture. 
The clinical postscript to this catalogue of 
disaster is that some tumours give rise to really 
massive hemorrhage: hematemesis or bleeding 
per anum. The tumours most likely to behave 
in this way are the smooth muscle tumours, 
both simple and malignant. They do this by 
virtue of the tendency to central necrosis, which 
creates a kind of fistula between the intestinal 
lumen and the growth. This provides an 
interesting means of diagnosis, however; for 
the necrotic tract may be outlined by air or by 
barium. 

In conclusion, then, it is obvious that disorders 
of the small intestine pose problems of great 
interest and great importance for the surgeon 
as well as his medical, radiological, physiological 
and pathological colleagues. In many instances, 
perhaps most, these problems are soluble only 
when the approach to them is not that of a 
single discipline, but a combined one with the 
resources of medicine and surgery fully mobilized 
both in diagnosis and in treatment. 
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Chemopallidectomy and Chemothalamectomy for Parkinsonism and 
Dystonia' 
By IRviING S. Cooper, M.D. 


New York University Post-Graduate School of Medicine and Department of Neurosurgery, 
St. Barnabas Hospital, New York, U.S.A. 


IN this paper I shall review our investigation 
into the effects of 850 globus pallidus and thalamic 
lesions in humans afflicted with parkinsonism and 
diverse involuntary movement disorders. 

This series of cases commenced in 1952 with our 
investigation of the procedure of anterior choroi- 
dal artery occlusion for parkinsonism and was 
actually initiated by observation of the effects of 
a surgical accident. During the course of a 
craniotomy and pedunculotomy for uncontroll- 
able tremor, I divided and was obliged to 
sacrifice the left anterior choroidal artery. Because 
of this occurrence, the operation was terminated 
in order to observe the effects of the occlusion of 
this vessel. The most notable post-operative 
finding was the virtual disappearance of tremor 
and rigidity of the opposite extremities without 
any loss of motor or sensory function of the arm 
or leg. 

On the basis of this observation and earlier 
anatomical studies [1, 2) of the anterior choroidal 
artery a working hypothesis was developed to 
the effect that occlusion of the anterior choroidal 
artery had caused an infarction of several 
anatomical structures which had evolved as a 
physiological unit [3, 4]. It was further sug- 
gested that this unit consisted essentially of the 
mesial portion of the globus pallidus and the 
ventrolateral region of the thalamus as well as 
the connexions between these structures. Con- 
siderable evidence exists to support this hypo- 
thesis [5-15]. On that basis we proceeded to 
carry out an investigation of the effects of anterior 
choroidal artery occlusion in patients with 
parkinsonism (Fig. 1). 

Between 1952 and 1955 selective anterior 
choroidal artery occlusion was performed in 55 
patients. Follow-up examination of these 55 
cases of anterior choroidal artery occlusion for a 
period ranging from two to six years following 
surgery demonstrates that in the successful cases 


this operation provided the most complete and 
lasting relief of far-advanced incapacitating 
rigidity, tremor and deformity that has been 
reported anywhere in the literature up until that 
time. Many of the patients who were completely 
relieved of tremor, rigidity and deformity from 
the side of the body contralateral to surgery have 
remained not only relieved of these symptoms for 
the intervening period up to the present time but 
have also become ambulatory and independent 
in their daily life. 

Two cases with more than five-year follow-up 
studies are cited to demonstrate the complete and 
lasting nature of the effects of anterior choroidal 
artery occlusion in selected instances. These two 
cases are purposefully selected from among those 
originally described in my earliest reports. 


Case 1.—-W. D., a 41-year-old white male, referred 
by Dr. Walter Friedman for occlusion of the anterior 
choroidal artery. This patient contracted epidemic 
encephalitis at the age of 15 and was in coma for six 
weeks. Parkinsonism developed within one year 
and by age 17 he was completely incapacitated by 
bilateral tremor and rigidity as well as the other 
manifestations of parkinsonism. At the time of 
operation he demonstrated masked facies, marked 
diminution of the spoken voice, a violent bilateral 
resting tremor, severe cog-wheel rigidity of all four 
extremities and inability to turn in bed, rise from a 
chair or stand or walk alone unaided. Of particular 
note at that time was the presence of a marked, 
apparently fixed deformity of the left wrist and hand 
of a dystonic nature. This had been present in this 
fixed form for eighteen years prior to operation. 

On September 2, 1953, the right anterior choroidal 
artery was occluded by silver clips. This failed to 
obliterate the vessel completely. Therefore, re- 
operation was performed and the artery was co- 
agulated so as to interrupt its blood supply completely. 

From the time of surgery this patient has had com- 
plete relief of tremor and rigidity of the left extremities. 
However, even more remarkable was the reversal and 
disappearance of the dystonic deformity of the left 


‘From St. Barnabas Hospital and Division of Neuromuscular Diseases New York University Post-Graduate 


School of Medicine. 
Green Foundation. 


JANUARY 


Supported by Sister Elizabeth Kenny Foundation and Allen P. and Josephine B. 


* 
3 
. 
fe 
‘ 
ig 4 
she 
Weds 
. 


Proceedings of the Royal Society of Medicine 


lateral ventricle 


\ 


THALAMUS \ 


GLOBUS 
PALLIDUS 


jantertor commisure ( 


uncus 
\ 


amygdaloid nucieuée 


Manag Lonanc 


corpus callosum 


body of caudate 


| POSTERIOR LIMB OF 
| INTERNAL CAPSULE 


PUTAMEN 


ANTERIOR 
CHORO/DAL 
ARTERY 


globus pa ‘dus 
MIODLE CEREBRAL & 
STRIATE ARTERIES 


| 


Fic. 1.— Diagrammatic representation of irrigation of basal ganglia of anterior choroidal artery. 


hand. The patient became ambulatory and inde- 
pendent in all activities of daily living as a result of 
this operation. Relief of tremor, rigidity and deform- 
ity of the left extremities have persisted up to the 
present time. 


Case I1.—L. D., a 48-year-old white man, presented 
with marked tremor and rigidity present only in the 
left extremities of seven years’ duration. Although 
still ambulatory and independent in his daily life, he 
was unable to work. 

Anterior choroidal artery occlusion was performed 
in June 1953. Since that time the patient has had 
complete relief of tremor and rigidity of the left 
extremities with normal function of these extremities. 

Complete relief of tremor and rigidity in this case 
is documented by a report of Dr. Christian Keedy 
who wrote in December 1956: “This patient has had 
a very excellent result from ligation of the right 
anterior choroidal artery. There is no evidence of 
any tremor or rigidity of the left extremities.” An 
additional follow-up report from Dr. I. Perlmutter in 
October 1958 stated that the condition of the left side 
remains perfect. However, tremor and rigidity had 
slowly developed on the non-operated side. 

These two cases demonstrate complete relief of 
intense tremor, rigidity. deformity and incapacity 
of parkinsonism achieved by occlusion of the 
anterior choroidal artery. It is stressed that the 


relief of contralateral tremor and rigidity ob- 
tained in these cases was complete, and that this 
fact is attested by disinterested examination of 
these patients by various objective neurological 
examiners. Moreover, the persistence of relief 
of tremor, rigidity and deformity in these cases 
for more than five years is noteworthy. 
Conclusions which we reached as a result of 
the follow-up studies in these 55 cases of anterior 
choroidal artery occlusion are as follows: (1) 
The effectiveness of anterior choroidal artery 
occlusion, in those cases in which it was success- 
ful, was due to infarction of more than a single 
small anatomical structure and probably in- 
volved a physiological unit of 2 or more inter- 
cerebral structures: principally, the mesial part 
of the globus pallidus and the ventrolateral 
region of the thalamus. (2) Complete relief of 
tremor, rigidity, incapacity and deformity is 
possible by neurosurgical means without in- 
flicting any neurological deficit upon the patient. 
(3) Objective evidence of five-year relief of the 
parkinsonian symptoms of tremor, rigidity and 
deformity has been achieved by anterior choroidal 
artery occlusion. (4) The dystonic deformities 
seen in some parkinsonians are not actually fixed 
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deformities but represent forced postures which 
are reversible even after many years’ standing. 
(5) The so-called syndrome of the anterior 
choroidal artery is not invariable and in many 
cases this vessel may be occluded completely 
without producing any observable neurological 
deficit. However, anatomical variations of the 
vessel and particularly the lack of collateral 
blood supply to the posterior limb of the internal 
capsule in the aged would make routine employ- 
ment of anterior choroidal artery occlusion 
unwise. (6) The ability of this procedure to 
relieve tremor and rigidity without inflicting any 
neurological deficit warranted further steps to 
develop neurosurgical techniques which might be 
more universally applicable to a broader spectrum 
of the parkinsonian population. This led us to 
the development of chemopallidectomy and 
thalamectomy which was commenced on our 
service in 1953 [11, 12, 13}. 

The techniques of chemopallidectomy and 
chemothalamectomy [14, 15) combine roentgeno- 
anatomical methods of lesion placement deep 
in the brain, with clinical physiological 
confirmation of the results in a conscious, 
co-operative patient. As presently per- 
formed the technique consists of the 
following basic steps: (1) Pneumo-ence- 
phalography with 30 c.c. of air in order 
to visualize the anterior portion of the 
ventricular system, especially the foramen 
of Monro. (2) Introduction of a poly- 
ethylene brain cannula through a small = 
skull trephine. This cannula is placed under 
roentgenographic control into the region of 
the globus pallidus or ventrolateral nucleus 
of the thalamus. (3) Distension of a small 
balloon at the tip of the cannula in order to 
provide a clinical physiological test of the 
effects of a lesion in this region (see Fig. 2). 


In addition to providing such a physio- 


logical test. the balloon produces a cavity 
in the desired region of the brain for sub- 
sequent injection of absolute alcohol and. 
Pantopaque in order to produce a circum- 
scribed and localized permanent lesion. 
(4) The cannula remains indwelling in the 
brain for several days following surgery so 
that the lesion may be enlarged if necessary 
in order to produce lasting relief of the 
contralateral hyperkinetic symptoms. The 
anatomical landmarks used in the produc- 
tion of these lesions are summarized in 
Figs. 3 and 4. 

The production of a large lesion in 
the globus pallidus by the technique 
of chemopallidectomy proved to be a 


Fic. 2. 
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results were obtained in 70°, of cases. However, 


although rigidity could be relieved in 80°, of such 
cases, tremor was relieved only in 60°. In such 
cases the tremor would respond favourably when 
we placed a second lesion on a plane approxi- 
mately 10 mm. behind the original globus 
pallidus lesion or approximately 15 mm. behind 
the posterior margin of the foramen of Monro. 
Anatomical studies permitted us to identify the 
second area as a zone which included the pallido- 
thalamic connexions with the anteroventral 
portion of the thalamus. In some instances the 
second lesion was localized within the ventro- 
lateral region of the thalamus itself. 

In subsequent experience with several hundred 
cases this latter lesion in the region of the ventro- 
lateral nucleus of the thalamus proved to be so 
successful for cases that had been incompletely 
relieved of tremor by the pallidal lesion alone, 
that it gradually became our practice to produce 
a thalamic lesion primarily as the lesion of choice. 
We have learned that when this thalamic lesion is 
properly placed, virtually complete relief of 


= 


Special chemopallidectomy cannula, before 
and after inflation of balloon. 


foramen of Manro 


latively simple od Fic. 3.—-Diagrammatic representation of ventricular 
relatively simple procedure with a sma landmarks used for chemopallidectomy and chemo- 
morbidity and mortality rate and favourable thalamectomy. 


Sat 
Go 
: 
q 
b 
4 
= 
<p 
34 
T 
— 
| 
| 
ar 


50 


tremor is obtained in 90°, of cases of properly 
selected patients. Moreover, this relief is com- 
plete and is lasting. 

There is no question but that a lesion in the 
region of the ventrolateral nucleus of the thalamus 
has a more certain, complete and absolute effect 
on contralateral resting tremor than does the 
pallidal lesion alone. It is now our lesion of 
choice for relief of tremor and rigidity. 

From a surgical standpoint one must perform 
the technique meticulously, with accuracy in 
placement of the cannula and with persistence in 
production of an adequate sized, properly 
developed basal ganglia lesion. 

From a clinical standpoint excellent relief of 
tremor and rigidity can be produced in more than 
80° of properly selected cases. However, 
proper selection of cases is as important as correct 
surgical technique. The principal contra- 
indications to these operations at the present time 
are as follows: 

(1) Organic mental deterioration. 

(2) Psychosis. 

(3) Pseudobulbar palsy. 

(4) A preponderance of vegetative and akinetic 
symptoms as opposed to a preponderance of 
tremor or rigidity. 

(5) Physiological old age. Although many 
cases have been operated upon successfully in 
the seventh and even in the eighth decade of 
life, one must select patients in this age group who 
are physiologically well preserved, do not show 
organic mental deterioration, and who have much 
more involvement of tremor and rigidity on one 
side of the body than on the other. 

(6) General medical contra-indications such as 
severe hypertension. 


COMPLICATIONS 


The incidence of mortality in these 850 opera- 
tions of chemopallidectomy and thalamectomy 
has been 2.4%. There has only been one post- 
operative death in the last 200 operations for 
parkinsonism on our service. 

The incidence of lasting hemiplegia or hemi- 
paresis has been 3%. Transient motor or 
sensory signs, disappearing during the first three 
post-operative weeks, have been observed in 6% 
of cases. 

Some degree of somnolence, mental confusion 
or obtunding has been observed during the first 
post-operative week in 8°, of cases; it may last 
several weeks in aged patients. However, this 
has invariably been transient, and in almost each 
instance has been an exaggeration of abnorm- 
alities noted during the pre-operative ps,cho- 
logical work-up. 
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Speech disturbances, varying from dysphonia, 
to slurring of speech to mutism or aphasia have 
been observed in 7% of cases. They have been 
more common following operations on the 
dominant hemisphere but not limited to the 
dominant hemisphere operations. These dis- 
turbances have tended to clear within two weeks 
in practically every instance. 

Excessive drowsiness, hyperpyrexia, hypo- 
kinesia, dysphagia, aspiration pneumonitis, and 
urinary retention are seen post-operatively in the 
far advanced post-encephalitic cases, but have 
responded to meticulous nursing measures. 

Transient hyperkinetic states varying from 
slight fleeting choreic movements of one hand to 
hemiballismus have been seen 18 times. In three 
cases these were very severe but all disappeared 
spontaneously. One case, however, lasted four 
months. 

Except for the isolated surgical complications 
such as deep hemorrhage or infarction which 
account for our mortality rate of 2-4°, and hemi- 
plegia or hemiparesis of 3°,, these transient post- 
operative problems seem to be directly related to 
the pre-operative condition of the patient, and 
can almost be predicted by the pre-operative 
evaluation. Although they are trying and often 
difficult to deal with in some instances, they do not 
affect the long range favourable effect of the 
operation on the patient or his symptoms. 

In my experience the incidence of post- 
operative morbidity and complications is directly 
proportional to the condition of the patient pre- 
operatively. A patient who has_ unilateral 
parkinsonism, without other stigmata of far 
advanced disease, may be subjected to one of 
these procedures and have a reasonable expecta- 
tion of having an excellent result and being dis- 
charged ambulatory from the hospital within ten 
days. A patient who is physiologically aged or 
who has far advanced bilateral disease, who has 
been bedridden or incapacitated for a prolonged 
period, and who has difficulties with salivation, 
speech, temperature control, swallowing, and 
other vital mechanisms, will often encounter 
transient difficulties which prolong hospitaliza- 
tion. It is in this latter group that one may 
expect to see transient confusion, hypopyrexia, 
bladder difficulties, and other post-operative 
abnormalities. These are of significance during 
the post-operative course but do not affect the 
long range favourable results of this type of basal 
ganglia surgery upon tremor and rigidity. 

If these patients are on a post-operative ward 
which can supply meticulous, constant, interested 
nursing care and are under the control of medical 
attendants who have informed themselves of the 
protean nature of this syndrome and the various 
pitfalls which may beencountered post-operatively, 


= 


Fic. 4.—Landmarks of pallidal and thalamic lesions 
superimposed upon pneumoencephalogram. 


Fic. 5.—Basal ganglia guide and holder employed in 
chemopallidectomy and thalamectomy. 


Fic. 6.—Roentgenogram demonstrating balloon inflated 
within the region of mesial globus pallidus. Inflation of 
the balloon when correctly localized is followed by cessa- 
tion of contralateral tremor and rigidity. This provides a 
physiological test essential to the technique of chemo- 
pallidectomy and thalamectomy. 
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Fic. 7A.—Final alcohol-Pantopaque lesion produced by injection of this mixture 
into cavity formed by balloon distension demonstrated in Fig. 6. 
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Fic. 7B.—Diagrammatic representation of anatomical site of lesion represented 


in Fig. 7. 


practically all of these trying post-operative 
complications can be either obviated or relieved. 
In surveying the statistics of this large series, in 
retrospect one is gratified at the fact that the 
trying and difficult post-operative manifestations 
referred to above have disappeared and that the 
overall rate of complications is minute compared 
to the lasting benefit which has been achieved in 
this group of chronically ill patients. 


THE HyYPER-PARKINSONISM CRISIS 


From time to time during the post-operative 
period a patient will demonstrate a marked 


Shaded area represents the lesion. 


accentuation of all of the well-known features of 
the parkinsonian symptom complex. For ex- 
ample, we have seen on many occasions, during the 
first post-operative week, a patient, who has been 
successfully relieved of tremor and rigidity of the 
extremities contralateral to operation, manifest 
an exaggeration of all of the other symptoms of 
parkinsonism which he demonstrated prior to 
surgery. Such a patient may have increased 
difficulty in speaking, dysphagia, marked perspir- 
ation, hyperpyrexia, difficulty in voiding, in- 
creased tremor and rigidity of the non-operated 
extremities, hypersalivation with danger of 
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aspiration of saliva, and a marked increase in 
general helplessness. 


This post-operative picture lasts about two 
weeks and clears gradually. However, during 
this crisis of hyper-parkinsonism, meticulous and 
constant nursing attention is necessary if one is 
to avoid aspiration pneumonia, decubital ulcers, 
urinary infection, and other complications that 
may ensue as secondary phenomena. 


It seems at first glance paradoxical that one 
might encounter a transient marked exaggeration 
of so many parkinsonian symptoms in a patient 
who has actually been operated successfully for 
relief of tremor and rigidity of the extremities of 
one side of the body. However, one may see this 
same example of a crisis of hyper-parkinsonism in 
many non-operated parkinsonian patients who 
are subjected to a violent physical or emotional 
stress. For example, the elderly advanced 
bilateral parkinsonian who may fall and fracture 
his femur, often becomes totally helpless during 
the post-traumatic period as a result of exaggera- 
tion of all parkinsonian symptoms. Similarly, 
many patients with advanced parkinsonism do 
not become bedridden and helpless until sub- 
jected to the psychological stress of the death of a 
member of their family or some similar emotional 
duress. 

This post-operative hyper-parkinsonism crisis 
seems to be related to the mental and physical 
stress of undergoing surgery plus the direct effect 
upon the brain. It is most commonly seen in 
post-encephalitic parkinsonians who present 
advanced symptomatology including symptoms 
of the vegetative variety as well as tremor and 
rigidity. One may see it as well in the aged 
parkinsonian. In the latter group, if this hyper- 
parkinsonism crisis is manifested post-operatively 
it is usually accompanied by transient mental 
confusion and disorientation. 

We have commented in earlier publications on 
the importance of evaluating the effect of stress 
on each individual case of parkinsonism. It is our 
policy to insist on a period of hospital observation 
in any case of advanced parkinsonism in an aged 
patient in whom we suspect that stress might 
possibly precipitate exaggeration of the parkin- 
sonian symptom complex. By so doing, we have 
found many cases of aged parkinsonians who, 
under the stress of strange hospital surroundings, 
manifest nocturnal hallucinations, confusion and 
disorientation. Such a patient, in our opinion, 
should no longer be considered as a candidate for 
surgery. 


Similarly, we have found many patients, 


particularly in the far advanced post-encephalitic 
group, who, under the duress of frequent exam- 
inations and testing in a hospital environment 


become hyperpyretic, incontinent or retentive of 
urine, dysphagic, and generally helpless. Such a 
patient must be evaluated very stringently before 
making a final decision for or against surgery. If 
surgery is decided upon, one should anticipate 
the possibility of encountering this hyper- 
parkinsonism crisis as a transient complication 
during the first two post-operative weeks. 

Many of the transient complications referred to 
above are actually seen to be features of this 
hyper-parkinsonism crisis which is a peculiar 
reaction of the parkinsonian to stress. In its 
extreme form it may change a previously com- 
pensated far-advanced bilateral parkinsonian 
into a_ hyperpyretic, dysphagic, speechless, 
motionless mass of protoplasm of a most frighten- 
ing variety. Although such symptoms are revers- 
ible and will respond to good care, in many cases 
it is best to avoid these by a searching clinical 
inquiry prior to selecting any particular patient as 
a candidate for surgery. 

These symptoms of hyper-parkinsonism are 
not precipitated following surgery on a case of 
unilateral parkinsonism or in those cases of 
parkinsonism who are not yet far advanced and 
do not show any evidence of mental deterioration. 
Therefore, as our experience has increased and we 
have been able to select patients more wisely than 
we did during the early years of this investigation, 
there are fewer patients on our wards manifesting 
this post-operative storm, and thus the incidence 
of transient complications on our post-operative 
wards has been commensurately decreased. At 
times it is just and wise to accept the calculated 
risk of producing this transient post-operative 
crisis because of the knowledge that it can be 
managed and that the patient will ultimately be 
benefited by the surgical treatment. However, 
by being aware that this hyper-parkinsonism 
crisis is practically a predictable sequence in 
certain types of cases the surgeon can either 
entirely avoid producing this post-operative storm 
or else knowledgeably risk its production because 
of the possible gains of surgery in a particular 
case. 


NEUROLOGICAL OBSERVATIONS 


A five-year study of all cases from a clinical 
psychological standpoint before and at various 
follow-up periods after operation has been carried 
out by our clinical psychologists. They have 
found that in no case has a lesion which has been 
circumscribed in the mesial globus pallidus or the 
ventrolateral region of the thalamus _pro- 
duced any lasting intellectual or emotional 
deficit. 


In many instances large lesions have been 
placed on the same side of the brain in both the 
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globus pallidus and the ventrolateral portion of 
the thalamus. In such cases there has been no 
observable motor, sensory, or intellectual deficit. 
Thus, one may conclude that in selected cases 
relatively large portions of these structures in the 
basal ganglia may be sacrificed without inter- 
fering with voluntary motor movements or 
intelligence. The quantitative limits within 
which such procedures can be performed on 
both sides of the brain has not yet been estab- 
lished. 

The placement of lesions in the thalamus is 
potentially more hazardous, because of the 
surrounding structures, than the placement of 
lesions within the pallidal complex. If one 
places the lesion inferior to the ventrolateral 
nucleus of the thalamus, the corpus luysii and its 
environs are penetrated and the possibility of 
production of hemiballismus is present. Im- 
mediately lateral to the properly placed thalamic 
lesion is the internal capsule, involvement of 
which will produce hemiparesis. Theoretically, 
placement of a lesion posterior to the ventro- 
lateral nucleus of the thalamus should result in 
sensory loss because of involvement of the sensory 
area of the thalamus. However, in only two 
instances have we observed any gross sensory 
defect post-operatively in this group of patients. 
Moreover, in not a single instance have we ob- 
served the so-called thalamic pain syndrome 
following placement of thalamic lesions. 

It is our impression that interruption of 
cerebello-thalamic as well as other afferent sys- 
tems to the thalamus, including pallido-thalamic 
and rubro-thalamic connexions, contributes to 
the relief of tremor and rigidity following place- 
ment of a lesion in this region. 


DOCUMENTATION 


In 1955 Doctors Robert S. Schwab and Albert 
England of the Massachusetts General Hospital 
in Boston instituted an objective evaluation of 
our cases of anterior choroidal artery and chemo- 
pallidectomy. Later, a mutual study was initi- 
ated in which long-term cases from their clinic in 
Boston were operated upon by us and were 
re-evaluated post-operatively by Schwab and 
England. Their study of our cases corroborated 
the fact that lasting complete relief of tremor, 
rigidity and deformity is achieved by these tech- 
niques without necessarily inflicting any neuro- 
logical or emotional deficit. Further, during the 
week of May 12, 1958, we brought back to New 
York University 100 follow-up patients who had 
gone from one to more than five years following 
operation for parkinsonism on our service. These 
patients were made available with their complete 
objective investigative records and cinemato- 
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graphic records for disinterested follow-up 
evaluation. 


One other clinical reference may be indicated 
at this time. In view of the possibilities of 
surgical therapy in certain varieties of parkinson- 
ism, a re-classification of this syndrome might 
be considered. The therapeutic possibilities 
which currently exist in many cases of the 
shaking palsy require intensive clinical study and 
selection by the clinician if the proper therapy 
is to be utilized. A re-study and re-classification 
of the various types of parkinsonism and 
the subdivisions of this syndrome would be 
useful both therapeutically and in an enhance- 
ment of our ultimate physiological understanding 
of the disease process. The following are some 
representative cases: 


Case Ill.—Dr. N. A., a 63-year-old chemistry 
professor, was referred by Dr. Albert England of 
Boston. This patient had a four-year history of 
tremor of the left side of the mouth, left upper 
extremity and left lower extremity. He dragged the 
left leg when walking. He demonstrated a violent 
tremor with marked rigidity of the left extremities 
but only a trace of tremor in the right upper extremity. 
On June 14, 1957, chemothalamectomy was _per- 
formed. The roentgenographic appearance of the 
Pantopaque-stained, chemically induced thalamic 
lesion is seen in Fig. 8A. An approximate anatomical 
interpretation of this lesion based upon our own 
anatomical researches as well as reference to the 
atlases of others is provided in Fig. 8v. This demon- 
strates what we consider to be the lesion of choice for 
treatment of tremor and rigidity of parkinsonism. In 
this regard it is interesting to note the folluw-up report 
of Dr. England, the referring neurologist, who also 
examined the patient at various interva!s post- 
operatively. Dr. England reported: “This is a grade 
A perfect result. I think this complete functional 
result without any trace of either tremor, rigidity or 
loss of co-ordinated movements is very important. 
It has apparently gone beyond controlling tremor or 
rigidity and approached the so-called perfect 
result.” 


This case is cited as an example of complete 
relief of tremor and rigidity by a chemically 
induced thalamic lesion. 


Case 1V.—Reverend N. T., age 51, noted onset of 
tremor in the right upper extremity four years prior to 
admission to our service. Tremor and rigidity of the 
right extremities had progressed rapidly during these 
four years and became violent under emotional 
duress. These symptoms made it impossible for 
him to continue his calling as a minister. 

On October 31, 1957, chemopallidectomy was per- 
formed. At this time a lesion was made at the level 
of the posterior border of the foramen of Monro. 
However, slight tremor of the right upper extremity 
persisted, particularly during emotional duress. 
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Fic. 8a.—Roentgenographic appearance of thalamic lesion produced in Case TI. 
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FiG. 88.—Anatomical interpretation of roentgenogram in Fig. 8A. 
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Therefore, on November 15, 1957, a second lesion was 
placed in the region of the ventrolateral nucleus of 
the left thalamus. From that time to this there has 
been no further tremor or rigidity of the right extrem- 
ities. The patient is now once again engaged in his 
profession as a minister and is in charge of the parish 
which he had previously been obliged to relinquish. 
He has not taken any anti-parkinson medication 
since operation. The patient, his family, and the 
referring neurologist all state that he appears com- 
pletely normal. 


The lesions of the globus pallidus and thalamus are 
shown in Fig. 9a. Our approximate anatomical 
interpretation of this roentgenogram is demonstrated 
in Fig. 9B. 


This case is cited to demonstrate a perfect result 
regarding relief of tremor and rigidity induced by 
a combined pallidal and thalamic lesion. This 
combined lesion did not result in any motor, 
sensory, intellectual or psychological deficit. As 
a result of these lesions this patient who was 
disabled by violent unilateral tremor and rigidity 
now appears as a normal individual. The opera- 
tion was performed in the dominant hemisphere 
without any adverse effect upon speech. This 
patient now regularly addresses his congregation 
each Sunday without difficulty. 

One should note in this case the value of 
persistence in production of basal ganglia lesions. 
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Fic. 94.—Roentgenographic demonstration of alcohol-Pantopaque pallidectomy lesion followed 
by insertion of balloon cannula into the thalamus in Case IV. 
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FiG. 98.—Anatomical interpretation of roentgenogram demonstrated in Fig. 94. The pallidal 
lesion and thalamic balloon placement are indicated by shaded areas. 


We have constantly stressed that if a globus now receive a thalamic lesion as the primary one 
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; D : Case V.—Miss A. B., a 60-year-old nurse, was 
illustrated by this case. This type of case would 


referred by Dr. James Cooney of Florida. She had 
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Fic. 10a.—Roentgenographic appearance of bilateral thalamic lesions produced by alcohol- 
Pantopaque injections in Case V. 
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Fic. 108.—Shaded areas represent anatomical interpretation of bilateral thalamic lesions 
demonstrated in Fig. 10a. 


a six-year history of tremor and rigidity of the left 
extremities. Progression of her symptoms made 
walking difficult and finally made it impossible for her 
to continue her work as a nurse. During the year 
prior to admission there had been onset of symptoms 
in the right extremities. Right chemothalamectomy 


was performed October 24, 1957. This resulted in 
complete relief of tremor and rigidity of the left 
extremities which has persisted to date. In May 1958 
a left chemothalamectomy was performed for relief 
of tremor and rigidity of the right extremities. This 
operation was also successful. Therefore, the patient 
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has had complete relief of tremor and rigidity of all 
four extremities as a result of bilateral chemothalam- 
ectomy (see Fig. 10a, B). 


This case demonstrates bilateral thalamic 
lesions inflicted in a 60-year-old female with com- 
plete lasting relief of tremor and rigidity on both 
sides of the body, and shows the possibility of 
carrying out chemothalamectomy on each side of 
the brain. However, experience with the bilateral 
operation is still limited and requires further 
experience and investigation before the quanti- 
tative limitations of this type of surgery can be 
explicitly stated. 


Case V1.—K. K., a 14-year-old boy from Chicago, 
Illinois, was referred because of a confirmed diagnosis 
of dystonia musculorum deformans of three years’ 
duration. The illness began with an abnormal involun- 
tary turning motion of the left ankle. By the time of 
admission the patient had a marked opisthotonic 
deformity of the neck and trunk. The left extremities 
had typical torsion movements and deformities. There 
was flexion and adduction of the left hip with exacer- 
bation of the lumbar lordosis. The right extremities 
were involved to a lesser extent as regards deformity 
but had rather marked involuntary movement dis- 
orders. It was impossible for this patient to sit 
unsupported or to lie comfortably in bed. He often 
had to sleep on the floor. He could not walk without 
support. It was impossible for him to attend school. 

On September 7, 1957, the patient had a right 
chemopallidectomy. This was followed on October 
1, 1957, by right chemothalamectomy. This produced 
marked alleviation of the symptoms and deformities 
of the left extremities. The marked torticollis and 
opisthotonus of the back continued. Symptoms 
progressed in the right extremities. In February 1958 
a left chemothalamectomy was performed. Follow- 
ing this procedure the patient had marked improve- 
ment in movements of the right extremities and also 
had alleviation of the dystonic deformities of the neck 
and trunk. 

From that time to this there has been marked pro- 
gressive improvement in this boy’s condition as 
illustrated in Fig. 11. 

The patient appears virtually normal at this time. 
He now rides a bicycle, plays golf, has returned to 
school and engages in all academic and extra- 
curricular activities which are normal for a boy of his 
age. His parents report that he is completely inde- 
pendent in all of his activities and is able to travel 
about town alone without difficulty. 

His parents have written on many occasions stating 
that they now consider him to be returned to normal. 
Dr. Joshua Spiegel of Chicago has recently examined 
this boy as an objective observer and reports: “This 
is a splendid result. During the 45 minutes that this 
boy was in my office I did not find any evidence of 
deformities or involuntary movements of any kind.” 


This case is cited as an example of the reversi- 
bility of dystonic deformities and movements by 
chemopallidectomy and thalamectomy. 
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Fic. 11a.—K. K. (Case VI) prior to bilateral 
operation showing deformities of dystonia muscu- 
lorum deformans. 


Fic. 11p.—K. K., following operation, illustrating 
post-operative relief of deformities and movements of 
dystonia musculorum deformans. 


DisCUSSION 

A perusal of the representative cases cited above 
and an examination of the roentgenographic 
appearance of the basal ganglia lesions produced 
as well as the anatomical interpretation of these 
lesions demonstrate that it has been possible to 
relieve tremor, rigidity, deformity, bradykinesia 
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and incapacity by lesions placed within a com- 
plex consisting of the ventrolateral nucleus of the 
thalamus, the ansa and fasciculus lenticularis, and 
the mesial globus pallidus. Such lesions are 
capable of completely alleviating a contralateral 
tremor and rigidity without infliction of any 
observable motor, sensory, intellectual or psycho- 
logical deficit. 

Until it becomes possible to examine many of 
the brains in which such successful lesions have 
been inflicted, the exact nuclei and pathways 
which are principally involved by these successful 
lesions cannot be stated with certainty. How- 
ever, it is our impression at this time that the 
lesion of choice for relief of tremor and rigidity is 
one placed in the region of the ventrolateral 
nucleus of the thalamus. Further, we believe 
that it is the interruption of the pallido-thalamic, 
cerebello-thalamic, and rubro-thalamic impulses 
which are principally responsible for the com- 
plete relief of tremor and rigidity produced con- 
sistently by this lesion. That is not to say that 
other pathways and impulses may not be in- 
volved. However, the confluence of these 
particular pathways upon the ventrolateral 
nucleus of the thalamus and their interruption by 
the lesion of chemothalamectomy lends itself to 
this interpretation. 

The size of the lesion which one should inflict 
in order to obtain relief of symptoms must be 
decided in each individual case. Obviously, the 
lesion must be large enough to relieve the symp- 
toms completely, but should not encroach on any 
structures which will produce undesirable 
sequele. In our opinion the ability to graduate 
this lesion in small increments in a conscious, 
co-operative patient, as is done in chemo- 
pallidectomy and thalamectomy, is logical, 
effective and rewarding. Many academic objec- 
tions can be posed to chemical lesions as well as 
to other types of destructive brain surgery, but 
the ultimate proof remains the relief of dis- 
abling symptoms in a human being without 
inflicting any undesirable side-effects. The method 
of lesion production employed in our service 
in more than 850 operations fulfils these criteria 
and provides complete relief of tremor and 
rigidity in a singularly successful manner. 

In this respect I must insist that it has been our 
goal during this six-year investigation to study 
the problem of parkinsonism and its surgical 
treatment. Consequently we have attached our- 
selves to the problem including the important, 
basic investigation of the syndrome and its 
manifestations. Those who attempt to master a 
single surgical technique rather than to under- 
stand every possible ramification of the disease 
process will not achieve consistently beneficial 
results from surgery. Because of our basic 


interest in the problem rather than in a single 
surgical technique, there has been at least one 
major change in our surgical technique during 
each of the six years of this investigation. Modi- 
fications have ranged from occlusion of the 
anterior choroidal artery, to the free-hand 
method of globus pallidus injection, to the 
technique of use of an indwelling cannula, to 
development of the chemopallidectomy cannula 
guide, to use of a balloon to provide a physio- 
logical test and create a basal ganglia cavity, and 
finally a modification of the surgical target from 
the globus pallidus to the thalamus as the lesion 
of choice. 

It is my hope, and I believe that our cases and 
the end-results in our patients bear out this aim, 
that the gradual modification of chemopalli- 
dectomy and thalamectomy reflects our insistence 
upon the necessity of modifying any technique 
with increasing knowledge and insight into the 
problem, to which the technique is only an 
accessory. In this regard, I feel strongly that the 
performance of this type of surgery under modi- 
fied local anesthesia, so that the surgeon may 
obtain clinico-physiological verification of the 
result of cannula placement and balloon insuffla- 
tion, is a sine qua non of consistently good results 
with complete relief of contralateral tremor and 
rigidity. 

Anatomical verification by X-ray, no matter 
how accurate, cannot by itself supplant the use- 
fulness of this physiological test at the time of 
surgery and during gradual infliction of the 
lesion. I believe that it is this physiological test, 
originally performed by procaine injection and 
more recently by balloon insufflation in the globus 
pallidus or thalamus, that is the singular feature 
of chemopallidectomy and thalamectomy which 
distinguishes it from techniques solely dependent 
upon anatomical localization. Important as 
accurate anatomical identification may be, the 
ultimate result of relief of tremor and rigidity is 
even more important both to the patient and to 
the surgeon. Physiological verification by the 
cannula balloon technique helps immeasurably to 
‘assure this desired result. 


CONCLUSIONS 


A five-year follow-up study of more than 850 
operations of anterior choroidal artery occlusion, 
chemopallidectomy and chemothalamectomy leads to 
the following conclusions: 

(1) This investigation has resulted in a practical 
roentgeno-anatomical-physiological method of basal 
ganglia surgery which can relieve tremor and rigidity 
of parkinsonism in more than 80% of properly 
selected cases with a risk of mortality of 2.4% and a 
risk of hemiparesis of 3°%. 

(2) Tremor, rigidity, deformity and incapacity of 
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parkinsonism can be relieved without the infliction of 
any neurological or psychological deficit. 

(3) Five-year cures of the symptoms of tremor, 
rigidity, deformity and incapacity can now be docu- 
mented in this series of cases. 


(4) Parkinsonism can no longer be considered as 
a hopeless, progressive, incurable disease. Inasmuch 
as the incapacitating symptoms of tremor, rigidity, 
and deformity have been alleviated for as long as five 
years without recurrence by surgery of the globus 
pallidus and thalamus, a more hopeful and optimistic 
viewpoint can be adopted concerning this disease. 
The therapeutic implications of this statement apply 
not only to surgical therapies but to the future 
development of medical treatment as well. More- 
over, the symptoms of dystonia musculorum deform- 
ans have been alleviated during the course of this 
study for periods up to three years without recurrence. 


(5) The treatment of choice of many cases of 
parkinsonism and of dystonia musculorum deformans 
is surgery of the globus pallidus and thalamus. The 
thalamus is the surgical target of choice. 


(6) Lesions confined to the globus pallidus and/or 
ventrolateral region of the thalamus on one side of 
the brain do not result in any motor, sensory, 
intellectual or psychological deficit. The degree to 
which such lesions can be inflicted on both sides of 
the brain requires further elucidation. 


(7) Clinical studies leading to a more physiological 
classification of the subdivisions of the overall 
parkinsonism syndrome are required if therapy and 
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further basic investigations are to be conducted 
intelligently and fruitfully. 
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DISCUSSION ON WILSON’S DISEASE 


Dr. A. G. Bearn (The Rockefeller Institute, New 
York, U.S.A.): 
Genetic Aspects of Wilson’s Disease 

The genetic aspects of Wilson’s disease can be 
considered from two main points of view. The 
first concerns the attempt to establish the exact 
mode of inheritance of Wilson's disease, and the 
second is an enquiry into the mechanism of the 
action of the abnormal gene. Although Kinnier 
Wilson (1912) considered the disease familial and 
not inherited, subsequent work has established 
beyond reasonable doubt that the disease is 
inherited in an autosomal recessive fashion 
(Matthews ef al., 1952; Bearn, 1953) in which 
the heterozygote, although clinically unaffected, 
may show some of the characteristic biochemical 
features of the disease (Bickel ef al., 1957; 
Bearn, 1957). 

The collection of 30 sibships with Wilson's 
disease has enabled a genetical analysis to be 
carried out. A first-cousin consanguinity rate 
in the parents of patients with Wilson’s disease 
of 0:37 was obtained, with a total consanguinity 
rate of 0-43. No parents of affected patients 
have been found to be suffering from overt 
Wilson’s disease. 

The ethnic background of 30 families with 
Wilson’s disease was studied; 40° of these 
families were Jews who came from Central 
Europe, and 17° were Italians who came from 
Sicily or Southern Italy. It seems possible that 
many of the cases seen in New York City may 
have arisen from a relatively few mutations 
occurring in Sicily and in Central Europe. 
Mutations in populations where the breeding 
structure was less conducive to inbreeding 
diminished the likelihood of homozygosity for the 
abnormal gene. 

Although the primary product of the Wilson’s 
disease gene is not known, a relatively constant 
biochemical abnormality found in the disease is 
a diminution in the serum ceruloplasmin (Bickel 
et al., 1957; Bearn, 1957; Scheinberg and Gitlin, 
1952). In fact, a low ceruloplasmin has not been 
found in any neurological condition other than 
Wilson’s disease. An investigation was carried 
out in an attempt to detect a -* biochemical 
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abnormality in the parents of those afflicted who, 
of course, must be heterozygotes, and in 
unaffected siblings who have a 50°, chance of 
being carriers. Scattered reports (Bearn, 1953; 
Bickel et al., 1957) have suggested that 
occasionally the heterozygote may be detectable. 
Further studies have confirmed these obser- 
vations, but the situation is expectedly complex. 
Some parents have an unequivocally diminished 
level of ceruloplasmin whereas others may be 
in the normal range. Asymptomatic siblings 
without Kayser-Fleischer rings with a low 
ceruloplasmin have now been observed by a 
number of investigators (Bickel ef al., 1957; 
Bearn, 1957; Scheinberg e7 a/., 1958). The mean 
concentration of serum ceruloplasmin in hetero- 
zygotes is probably lower than that of normal 
individuals but more data must be collected on 
this point. The fact that segregation into three 
groups is not distinct is again evidence that 
ceruloplasmin is unlikely to be the primary gene 
product. If the precise reaction regulated by the 
Wilson’s disease gene were known with certainty, 
it would be considerably easier to detect the 
heterozygote with regularity. 

The clinical variability of the disease and the 
wide scatter of serum ceruloplasmin levels 
suggests that the condition is probably not geneti- 
cally homogeneous. There may be at least two 
types of Wilson’s disease, one in which the 
metabolic block occurs at a level where a lowered 
ceruloplasmin accompanies the disease and 
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Fic. 1.—The effect of Estinyl on the serum czerulo- 
plasmin of a patient with Wilson’s disease. 
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another and rarer type in which the disease can 
exist with a normal level of serum ceruloplasmin. 
The concentration of serum ceruloplasmin can 
moreover be markedly elevated in normal 
subjects and in many patients with Wilson’s 
disease by the administration of cestrogens, 
emphasizing, if this were needed, that alterations 
in the environment can modify an expression of 
the abnormal gene (Bickel ef a/., 1957) (Fig. 1). 
It is possible that a tolerance test in which a rise 
of serum ceruloplasmin following the admini- 
stration of cestrogens can be compared in normal 
subjects, patients with Wilson’s disease, and 
heterozygotes, will more easily discriminate 
tetween the three groups. 
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Professor J. N. Cumings (London): 
The Treatment of Hepatolenticular Degeneration 


Until 1948 no rational treatment was available 
for patients with hepatolenticular degeneration. 
Various symptomatic therapies have been used, 
as also have vitamin B, and cytochrome, while 
some physicians have given methionine, choline 
and even deoxycorticosterone. 

During the late War, Peters and his colleagues 
(see Peters, 1951) developed a compound 
2,3-dimercaptopropanol (BAL). McCance and 
Widdowson (1946) and Mandelbrote er a/. (1948) 
demonstrated that BAL released copper from 
the body. Cumings (1948) suggested that this 
substance should be used for treating patients 
with hepatolenticular degeneration, and three 
years later the result of such treatment on 4 
patients was published (Cumings, 1951). Denny- 
Brown and Porter (1951) in the same year also 
reviewed their results following the treatment of 
5 cases. 

Since then many other patients have been 
treated along similar lines but other drugs have 
also been used, such as Versene (EDTA) and 
more recently penicillamine introduced by 
Walshe (1956a), and these and other recent 
methods of treatment will be discussed. 

An exchange or exsanguination blood trans- 
fusion has been attempted by Alajouanine er al. 
(1955) but the patient died. This therapy is 
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probably useless but I must add that Alajouanine’s 
patient also received BAL. 

Bickel e¢ a/. (1956) have attempted to show that 
by intravenous injections of ceruloplasmin the 
absence of this substance could be overcome. It 
is true that the blood copper and ceruloplasmin 
contents of their cases rose. Dr. Curzon (see 
p. 64) states that ceruloplasmin, as so far 
prepared, is at best only 90° pure, and that 
being a protein it might well produce unfavour- 
able reactions. But the 3 cases treated by Bickel 
et al. (1956) failed to show clinical improvement 
and I cannot find, as yet, any evidence from any 
source to suggest that a patient may be 
significantly improved by this mode of therapy. 

Cortisone has been tried without success, 
patients | have seen showing neither increased 
output of urinary copper nor clinical improve- 
ment. 

Molybdenum affects copper metabolism in 
animals in addition to causing demyelination in 
the nervous system (Dick and Bull, 1945). 
Treatment by this substance has been tried by 
Bickel et a/. (1957) in 4 patients. A well-marked 
increase of urinary copper resulted but without 
clinical improvement. I have examined the 
excretion of urinary copper in one patient given 
molybdenum and the result in so far as the 
patient was concerned was no different from the 
cases Hall treated (Table I). 

Versene (EDTA) is well known as a remover 
from the body of heavy metals and has been used 
extensively in lead poisoning. In this country, 
Bickel et al. (1957) have treated 6 patients with 
EDTA using the oral route in all, the intravenous 
route in 3, while 2 patients were given intra- 
muscular Versene. 3 of the 6 died, and only | 
of the 6 received EDTA with no other drug. 
Clinically the results were not really encouraging 
but 8 of the 12 cases seen by these workers died, 
so that other forms of therapy appeared equally 
ineffective. | Nevertheless they recommended 
intramuscular or intravenous injections of 
EDTA, for they found that oral Versene failed 
in 3 out of 6 cases to cause any increase in 
urinary copper. I personally have a record of 
oniy | patient who was given oral EDTA, 
without obvious benefit, and with no increased 
excretion of copper in the urine (Table I). 

Wintrobe er al. (1954) found an increased 
absorption of copper from the alimentary tract 
in patients with hepatolenticular degeneration 
and that this could be prevented by the oral 
administration of potassium sulphide. Many 
workers in North America and in England now 
follow this practice and for the past two to 
three years I have given all my patients 20 mg. 
of potassium sulphide in a capsule three times a 
day. This is taken permanently and the patient 
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is also advised to reduce the intake of articles of 
food known to contain large amounts of copper. 
Irrespective of whatever other form of therapy I 
might advise, I would retain the administration 
of potassium sulphide. 

There now remain two main forms of therapy, 
BAL and penicillamine, and these will be 
discussed together. Some difficulty exists for 
while some patients have been treated by BAL 
for up to eight years, experience with penicillamine 
is limited in time, hence a true and accurate 
comparison is. not yet possible. 

Walshe (1956) has said that penicillamine 
produces a greater excretion of copper than does 
BAL. Table I shows the effect of various forms 
of therapy which have been administered to 
patients seen personally, and it can be seen that 
Walshe’s statement is correct. The patients 
examined by Walshe were in general those who 
had previously received BAL, and included some 
of the patients treated at Queen Square and who 
returned there for more BAL. Table I therefore 
includes the results of urinary copper excretion 
in a patient (M. Le) who was given penicillamine 
before any other form of therapy, even though 
she was given BAL later. 


TasLe I.—Urinary Copper EXCRETION AFTER VARIOUS FORMS 
OF THERAPY 


Copper Copper 
on output on 
ays ays 
before during 
Case Sex Age Treatment treatment treatment 
ug./day ug./day 
CG. F. 15 Molybdenum 690 1,011 
DOO 1,097 
1,800 


Oral Versene 


BAL 351 617 


M. 45 
430 
384 
J.G M. 45 Penicillamine 58 1,178 


Penicillamine 250 


Penicillamine is given orally, 0-5 to 1-5 grams 
daily in divided doses, and gives rise to extremely 
few toxic effects. BAL is given by injection and 
toxic reactions may occur. However, in 20 
patients treated with BAL, I have seen no marked 
toxic reactions during the first three or four 
courses of BAL, but in | patient a serious degree 
of reaction occurred to the usual dose after about 
two years, but this has been overcome. 
Penicillamine is an easier substance to administer 
and undoubtedly gives rise to a considerable 
removal of copper from some part of the body, 
for in 1 patient, whose urine has only just been 
examined, the output of copper rose from about 
300 yg. a day to just over 3,000 pg. a day. 


However, at present a week’s treatment with 
penicillamine costs nearly £10 as compared 
to £1 12s. Od. for a week’s treatment with 
BAL. 

Does a patient treated by either method 
improve? Some 20 patients have now been 
given BAL and have been followed up for six 
months or more, while half have been followed 
up for more than two years. Until a few weeks 
ago no deaths had occurred but contact had 
been lost with 4 of these patients. Just recently 
1 patient developed cesophageal varices and a 
short-circuit operation was performed. After an 
initial recovery this patient died from liver 
insufficiency and with a well-marked cirrhosis 
of the liver. The results that have been obtained 
are shown in Table II (see also Cumings, 1957). 


TABLE TREATED By BAL 


Age 

when = Clinical 

first result of 
Case | Sex| seen | treatment Follow-up period 

| years | 
18550 | M.| 27 Nil-> - 5 Still under treatment 
21191 | F. 21 ++ _ Sull under treatment 
.K. | M.| 26 (H) 3h Contact lost 
43931 | M.| 24 + (S) 34 Still under treatment 
C. La | F. 16 + + 2) Sull under treatment 
‘i F. 16 ++ 2 Still well 
60861 FP. iv 2) Died September 1058 
G. M. 45 ' 2h Sull under treatment 
623890 | F. 30 + 2 Sull under treatment 
W.Cr| M. 23 2 Sull under treatment 
16399 M. 365 Contact lost 
23815 | M.| 24 ‘ 1 Contact lost | Returned 
63835 | M. a) Nil 4 Contact lost f to Iran 
63359 | F. 1s 1} Sull well 
L. Fr. | F. 13 1 Sull under treatment 
B. | M.| 18 1 Still under treatment 

70379 | M.| 18 1 Sull under treatment 
D.Cl' M 17 Sull under treatment 


Still under treatment 
Still under treatment 


H = Hepatic dysfunction. 
S = Schizophrenia. 


» Very slight improvement. 
+ Some improvement. 
+ + Marked improvement. 


Originally BAL was given for a week and this 
course was repeated after one week's rest. 
2:5 mg. BAL per kg. of body weight was given 
twice a day. Recently patients have been 
given 100 mg. BAL once a week for by so 
doing the patient has not needed to stay in 
hospital. 

I have little doubt but that BAL benefits the 
patient clinically. Can the same be said for 
penicillamine? From the short experience I have 
had lasting now for perhaps six months, I have 
seen some slight improvement. Some patients 
have maintained this very slight improvement on 
penicillamine and potassium sulphide, but one 
patient given penicillamine as the first form of 
therapy had to receive BAL before demon- 
strating clinical improvement. One wonders 
what the differences between the results mean; 
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Tas_e II].—SeRuM Copper AND OXIDASE ACTIVITY LEVELS BEFORE AND AFTER TREATMENT 


43931 


62389 


21191 


60861 


Case Cu Oxidase 


Oxidase | 


Before treatment .. 6 
At varying times after treatment 57 6 
63 0 
73 5 


Copper in ug./100 ml. 


could it be that penicillamine removes copper 
better from the liver than from the brain? Three 
patients, despite clinical improvement on BAL, 
showed increasing evidences of liver cirrhosis. 
Should patients receive both penicillamine and 
BAL? This is pure speculation. If it were true, 
should patients be given oral penicillamine in 
0-5 gram doses daily, together with 100 mg. 
BAL once or twice weekly ? 

Lastly, what effect does BAL, and possibly 
penicillamine, have on_ the biochemical 
abnormalities found in the blood? Although 
most of the patients recorded in Table IL have 
been repeatedly examined for levels of blood 
copper and of copper oxidase activity, no 
biochemical improvement has been found in 
any, even after three years of treatment. Some 
of the results that have been found are recorded 
in Table HI. 

Nevertheless, one would not expect blood 
changes to be found if these copper abnormalities 
were essential features of a disease due to some 
inborn metabolic error. It should be mentioned 
that the examination of the liver of the patient 
who died contained only 20-3 mg. of copper per 
100 grams dry tissue, which is no higher than 
that found in cirrhosis and considerably lower 
than the amount found in the livers from 
untreated cases of this disorder (Cumings, 1948). 
Therapy had therefore reduced the copper 
content of the liver even though not altering the 
histological abnormality. 
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Dr. G. Curzon (London): 
The Chemistry and Biochemistry of Ceruloplasmin 


Almost all of the copper in human plasma is 
bound to a specific protein. Holmberg and 
Laurell (1948) first isolated this cuproprotein 
from plasma and because of its blue colour they 
called it ceruloplasmin. It has a molecular 
weight of about 151,000 and 0-34°% of copper 
which corresponds to 8 atoms of copper per 
molecule. Purified czruloplasmin runs on 
electrophoresis as an %, globulin, though by 
direct salting out of plasma some association of 
copper with fractions of other mobilities has 
been shown (Thompson and Watson, 1949; 
Cumings ef al., 1955). Like a number of other 
cuproproteins, ceruloplasmin behaves as an 
enzyme, having oxidase activity (Holmberg and 
Laurell, 1951). 

Between Holmberg and Laurell’s final paper 
(1951) and 1957 there was little published work on 
ceruloplasmin. This has partly been due to 
difficulties in obtaining reasonably pure material 
in quantity. Mr. L. Valet and I have worked out 
a method which at present gives ceruloplasmin 
of 90°% purity and should be capable of appli- 
cation on a fairly large scale. The G, fraction 
of plasma is used as starting material. This is 
available in this country as a by-product in the 
preparation of fibrinogen, gamma-globulin, &c. 
The method involves conventional techniques of 
protein separation with ether, followed by 
fractionation on an anion exchange cellulose 
column. 

I shall discuss three topics: first, the significance 
of ceruloplasmin in Wilson’s disease, second, 
the nature of copper binding in ceruloplasmin, 
and finally, its properties as an enzyme. 


4 
Oxidase Cu Onidase 
| 48 s | 7 | 63 34 
| 42 o | 34 
ales | 47 0 40 0 67 29 
Baa 37 0 | | 70 42 
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CA:RULOPLASMIN IN WILSON’S DISEASE 


In Wilson’s disease, ceruloplasmin in the 
plasma is much decreased or essentially absent 
(Scheinberg and Gitlin, 1952). Abnormally high 
amounts of copper are found in the brain, liver 
(Cumings, 1948) kidneys and cornea. Though 
the total plasma copper is decreased the amount 
of weakly bound, direct reacting non-cerulo- 
plasmin copper is raised (Scheinberg, 1956). It 
seems probable that the clinical manifestations 
of the disease are related to the defect in 
ceruloplasmin synthesis and subsequent avail- 
ability of copper for deposition in the tissues. 
Zimdahl et a/. (1953) found increased absorption 
of copper from the alimentary tract. So far 
there has been no adequate explanation linking 
this up with defective ceruloplasmin synthesis. 
Scheinberg and Morell (1957) have, however, 
suggested that perhaps in normal subjects loosely 
bound copper in the intestinal plasma, derived 
from local ceruloplasmin metabolism, would 
oppose diffusion of ionic copper from the lumen 
into the plasma and that this mechanism would 
no longer operate in Wilson’s disease. 

Porter and Folch (1957) have shown that part 
of the excess copper present in the brains of 
subjects with Wilson’s disease is in a protein- 
bound form which is not found to an appreciable 
extent in normal brain. Also Uzman and his 
co-workers (1956) claim that the large amounts 
of copper present in cirrhotic livers of subjects 
with Wilson’s disease are bound to an abnormal 
protein with a specially high affinity for copper. 
They do not, however, mention if this high 
affinity is specially found in cirrhotic livers of 
subjects with Wilson’s disease or in cirrhotic 
livers in general. Chalmers er al. (1957) suggest 
that the amino-aciduria and peptiduria often 
associated with Wilson’s disease are the primary 
biochemical defects. Large amounts of copper 
are excreted bound to peptides and are thus 
not available for ceruloplasmin synthesis. There 
is strong evidence against this, as cases of Wilson’s 
disease have been described in which, though 
ceruloplasmin levels are low, there is no 
abnormal amino-aciduria (Cooper et al., 1950). 
The latter is thus more probably related to liver 
kidney damage caused by abnormally high 
amounts of circulating direct reacting copper. 


Copper BINDING IN CA&RULOPLASMIN 


Earl and his co-workers (1954) showed that 
when ®Cu is fed to normal human subjects it 
is bound first mainly to the serum albumin and 
is later transferred to the globulin fraction, 
presumably being incorporated in newly syn- 
thesized ceruloplasmin. The transfer to globulin 
does not occur in subjects with Wilson’s disease. 
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Though copper can be shown in vitro to bind to 
some extent to albumin and other proteins, it is 
particularly strongly bound within ceruloplasmin 
at a pH range around neutrality. It is of interest 
to compare some of the properties of czrulo- 
plasmin with those of the looser albumin-copper 
complex (Table I). Whereas copper dialyses 


Taste I.—COMPARISON OF FREE COPPER, 


ALBUMIN-BOUND 
AND CARULOPLASMIN 


Albumin Carulo- 
Free bound plasmin 
copper copper | copper 
Dialysis Free Difficult Non- 
dialysable 
Copper removal by 
ZeoCarb 225 


Reaction with diethyl- 
dithio-carbamate .. + 
Extraction of diethyl- | 
dithio-carbamate 
reaction product .. 


away from albumin with difficulty and incom- 
pletely, caruloplasmin copper is completely 
non-dialysable around _ neutrality. Copper 
is removed from the albumin-copper complex 
on a ZeoCarb 225 column, whereas cerulo- 
plasmin copper is unaffected. Diethyl-dithio- 
carbamate reacts with ionic copper to give 
a yellow complex extractable by organic solvents. 
Albumin-copper gives a yellow complex which 
is not extractable. Czruloplasmin copper does 
not react at all. 

Another point indicating a special kind of 
binding of copper in ceruloplasmin is the great 
intensity of the colour of ceruloplasmin com- 
pared with that of artificial protein-copper 
complexes. 

After protein denaturation by heat, cerulo- 
plasmin copper reacts directly with diethyl- 
dithio-carbamate. This suggests that the strong 
binding of copper to the apo-protein is not due 
to any unusual component of the protein, but 
to the particular arrangement of the peptide 
chains resulting in juxtaposition of the more 
strongly copper-binding amino acid residues. 
Most amino acids bind copper with similar 
avidities but histidine and cysteine bind it more 
strongly. On denaturation the general dis- 
orientation results in loss of copper-binding 
power. A similar interpretation was made by 
Fraenkel-Conrat (1950) of the effects of de- 
naturation on the iron binding capacity of 
conalbumin. 

Fig. 1 shows how this kind of structure may 
result in very powerful copper binding. The 
cupric ion can co-ordinate strongly with 4 
coplanar groups and also, but much more 
rarely, with 2 extra more distant groups at right 
angles. Co-ordinate links between cupric ion 
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Fic. 14.—Arrangement of atoms in cupric 
complexes. 


Fic. 1B.—Possible arrangement in ceruloplasmin. 


and nitrogen are particularly readily formed. 
Thus structures can be envisaged in which each 
copper atom provides a strong cross link between 
side chains of 4 parallel peptide chains. If the 
structure was further stabilized by hydrogen 
bonds and sulphur bridges between the chains, 
a polydentate copper-protein chelate would be 
formed in which a number of bonds between 
copper and amino acid residues would have to 
te broken simultaneously for copper to be 
released. In Fig. 1 only 2 peptide chains are 
indicated for the sake of simplicity. Structures 
of this kind would be rather difficult to denature 
because of copper cross-links between chains. 
It is of interest that methods of purification of 
ceruloplasmin tend to involve a stage in which 
contaminant protein is denatured and copper 
protein left intact. The rather slow chymotryptic 
degradation of ceruloplasmin also suggests 
resistance to denaturation, as this is usually a 
necessary preliminary for proteolytic break- 
down. 

There are some indications of a relationship 
between ceruloplasmin, the liver cuproprotein 
hepatocuprein and the hemocuprein isolated 
from whole blood by Mann and Keilin (1939), 
Hemocuprein has a molecular weight a quarter 
that of ceruloplasmin but the same percentage 
of copper, giving two atoms of copper per 
molecule. Like ceruloplasmin they do not 
react directly with diethyl-dithio-carbamate. 
They have not so far been shown to have any 
enzymic activity. The arithmetical relationship 
between these proteins may be entirely 
coincidental or it may be that hemocuprein is 
merely an artifact, but it suggests that the 


ceruloplasmin molecule consists of 4 sub-units 
which are related in some way to hepatocuprein 
and hemocuprein. It would be of interest if a 
defect in hepatocuprein and hemocuprein 
synthesis as well as ceruloplasmin § synthesis 
could be demonstrated in hepatolenticular 
degeneration. Other information indicating a 
simple arithmetical relationship in the cerulo- 
plasmin molecule is provided by a recent paper 
by Scheinberg and Morell (1957). They showed 
that if ceruloplasmin is incubated with ®Cu 
and ascorbic acid, half only of the ceruloplasmin 
copper exchanges with the isotope. They suggest 
that during the oxidation of ascorbic acid, 
ceruloplasmin copper shuttles between the 
strongly bound cupric state and a more weakly 
bound cuprous state which is capable of exchange 
with ionic copper and that half only of the 
protein-bound copper is involved. Other 
evidence of an accessibility of 4 out of the 8 
ceruloplasmin copper atoms is given by chymo- 
tryptic digestion of ceruloplasmin (Table II) 


TABLE II.—NON-DIALYSABLE COPPER IN CHYMOTRYPTIC DIGESTS 
OF CARULOPLASMIN (CURZON, 1957) 


Cerulo- | Chymo- | Digestion 
plasmin | trypsin tume 
(mg.) (mg.) hr 


Per cent copper 
non-dialysable 
after digestion 


Digestion 
Exp. No. 


20-1 
70 
90 


(Curzon, 1957). One half only of the copper is 
rendered dialysable, similar results being obtained 
under a variety of conditions. This is probably 
not simply due to equilibrium between various 
reaction products, as in experiment No. 4 
after sixty-five hours’ digestion an aliquot of 
the non-dialysable material was taken, the 
original amount of chymotrypsin doubled and 
digestion allowed to proceed for a further 
twenty-three hours. This resulted in no further 
liberation of copper from the non-dialysable 
material. Thus ceruloplasmin appears to 
possess a resistant core containing 4 of the 
original 8 copper atoms. 


CARULOPLASMIN AS AN ENZYME 


Holmberg and Laurell showed that in vitro 
ceruloplasmin acts as an enzyme oxidizing a 
variety of polyhydroxylic and polyamine sub- 
strates. These include paraphenylene diamine, 
hydroquinone, catechol, pyrogallol, adrenalin 
and ascorbic acid. More recently, 5-hydroxy- 
tryptamine (Porter ef al., 1957) and S5- 
hydroxyindole acetic acid (Curzon, unpublished) 
have also been shown to be substrates. In 
general, activity is determined using para- 
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phenylene diamine or its NN-dimethyl derivative 
as substrates and measuring either uptake of 
oxygen or optical density of the coloured reaction 
product. Optimal pH is about 5-5 for most 
substrates and activity is inhibited by cyanide and 
azide, presumably because of their strong avidity 
towards copper. Detailed study of the effects of 
copper complexing inhibitors may provide 
information on the way copper is involved in the 
enzymic action and indirectly on the binding of 
copper to the apo-protein. It is of interest to 
note that Holmberg and Laurell found no 
inhibition with carbon monoxide, and I have not 
been able to show inhibition with diquinolyl and 
dimethyl-phenanthroline. These substances com- 
bine with copper in the cuprous state and it is a 
little surprising that they have no effect if 
ceruloplasmin copper does indeed shuttle 
between the cupric and cuprous states during 
action on substrate. Ethylene diamine tetracetic 


acid (Versene) acts as an inhibitor though 
evidence indicates that copper binding is 
probably not involved (Curzon, unpub- 
lished). 


Among substrates of ceruloplasmin in vitro 
are two of particular interest, adrenaline and 
5-hydroxytryptamine. Adrenaline is oxidized to 
a complex mixture including adrenochrome. 
5-hydroxytryptamine is oxidized by cerulo- 
plasmin to a mixture of products some of which 
are themselves indolic. It is important to know 
if ceruloplasmin oxidizes these substances under 
physiological conditions and it may be possible 
to obtain some information on this, using 
subjects with Wilson’s disease. In Fig. 2 


5-HYDROXY 
INDOLE ACETIC 
ACID 


AMINE OXIDASE 
wiTRo) 


OPLASMIN 
viTRO) 


Blocked in NKNOWN 
Wilson's BREAKDOWN 
PRODUCTS 


Ceruloplasmin and 5-hydroxytryptamine. 


Fic. 2.— 


5-hydroxytryptamine metabolism is taken as 
an example, though a similar argument can be 
used for adrenaline metabolism. The known in 
vivo pathway of 5-hydroxytryptamine metabolism 
is by amine oxidase to 5-hydroxyindole acetic 
acid, which is excreted. If the ceruloplasmin 
pathway is quantitatively significant, then it 
would be expected that subjects with little or no 
ceruloplasmin would metabolise more 5- 
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the 
pathway and thus excrete more 5-hydroxyindole 
acetic acid. Determinations on a small group 
of subjects with hepatolenticular degeneration so 
far indicate that 5-hydroxyindole acetic acid 


hydroxytryptamine on amine oxidase 


excretion is within the normal range. However, 
even if the ceruloplasmin pathway is only 
responsible for a small fraction of 5-hydroxy- 
tryptamine metabolism this could be important 
as among the possible metabolites are substances 
which could be quite active. It is, however, 
unknown whether ceruloplasmin acts as an 
enzyme in vivo at all. Activity at physiological 
pH tends to be low though optimal pH does 
vary to some extent with substrate and ionic 
environment. It may be that the physiological 
function of ceruloplasmin is related to copper 
detoxication and that the in vitro enzyme activity 
does not occur under physiological conditions, 
though it does provide one with a convenient 
method for its determination and study. 
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Professor Norman Ashton (Institute of Ophthal- 
mology, London): 

In simple glaucoma, with which we are 
particularly concerned in this discussion, it is 
now certain that there is an impediment to 
aqueous outflow, but as yet the exact site and 
nature of the obstruction has not been con- 
clusively demonstrated. Some would incriminate 
the structures of the trabecula and others the 
outflow channels through the sclera, but it is 
important to remember that there is no theoretical 
reason why the obstruction should be as 
selectively located for it may equally well result 
from a summation of minimal changes through- 
out the entire pathway of exit, and these may not 
be of a wholly structural kind. Nor can one 
suppose that all cases of simple glaucoma need 
be identical, for the emphasis of the pathology 
might vary as between the trabecular meshwork 
and the scleral outlets. 

At the Institute of Ophthalmology we have for 
many years been trying to establish exact criteria 
of normality in the micro-anatomy of the outflow 
pathways in order to recognize significant 
deviations, if such exist, in glaucomatous eyes. 
The problem is not an easy one. The techniques 
available so often provide inconclusive evidence 
and the only human material available for 
laboratory study is, of course, subject to post- 
mortem degeneration and may grossly mis- 
represent the conditions pertaining in living 
tissue. Even when artifact can be excluded in the 
microscopical study of glaucoma the question 
remains whether the changes are causative or 
consequential. 

As regards the normal meshwork, the chief 
remaining problem is the role of mucopoly- 
saccharide both in trabecular structure and 
function. Since the discovery of Barany (1953) 
that the resistance of the outflow barrier of the 
animal eye may be decreased by the action of 
hyaluronidase several workers have tried to 
demonstrate a hyaluronidase-sensitive mucopoly- 
saccharide within the uveal meshwork of animals 
and man. A _ coating substance apparently 
sensitive to hyaluronidase has in fact been 
demonstrated in the trabecular meshwork of 
cattle, sheep and rabbits (Berggren and Vrabec, 
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1957; Brini, 1957) and on the corneal endo- 
thelium of owls (Barany ef a/., 1957). 

Metachromasia—a characteristic property of 
acid mucopolysaccharides—has been demons- 
trated between the trabecule in the sheep’s eye 
(Vrabec, 1957a) and within the trabecule of the 
human eye (Ashton e7 al., 1956). However, the 
belief that a hyaluronidase-sensitive mucopoly- 
saccharide exists in the human uveo-scleral mesh- 
work rests mainly upon the reports of Brini (1956, 
1957) who, by using toluidine and alcian blue, 
found such a substance within the trabeculae, and 
that of Zimmerman (1957) who, using a colloidal 
iron method, found it between the trabecule. 
These reports, however, cannot be regarded as 
conclusive for not only are they in conflict but are 
otherwise subject to criticism. Unfortunately 
Zimmerman did not provide the details of his 
experiments or indicate the number of eyes in 
which this substance was found, and it is 
disappointing that in an examination of 50 
freshly enucleated eyes we have been completely 
unable to confirm his findings. 

Brini used unphysiological concentrations of 
hyaluronidase (as he pointed out) and a much 
longer period of exposure to the enzyme than 
would justify an analogy with the perfusion 
experiments of Barany. No histochemical stain 
is in fact entirely specific for mucopoly- 
saccharides, and the specificity of hyaluronidase 
is seriously impaired by its possible contamination 
with proteolytic or other enzymes, which would 
be particularly important after long periods of 
incubation. Furthermore, the stainable groups 
within the tissues may be masked by the attach- 
ment of protein or other substances in the 
enzyme extract (Benditt and French, 1953), 
providing falsely positive results. Finally the 
addition of hyaluronidase to fluid in perfusion 
studies on human eyes has provided much less 
striking effects than those found in animal eyes 
(Pedler, 1956; Francois, Rabaey and Neetens, 
1956; Peter ef al., 1957). 


In my _ view, neither microradiography 


(Francois, Neetens and Collette, 1956) nor the 
replica technique(Vrabec, 1957) seems sufficiently 
delicate to provide wholly reliable information. 
The fact that hyaluronidase cannot be detected 
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in aqueous humour—or indeed in the iris, ciliary 
body or cornea (Barany and Woodin, 1955: 
Langley and McCulloch, 1958)—adds little to the 
solution of the problem. 


Although it is undoubtedly true that mucopoly- 
saccharide stains are positive in all the tissues of 
the anterior segment, we have found no particular 
concentration of this substance in the trabecular 
region. It remains possible of course that it 
exists in the living eye and rapidly disappears at 
death. I think, therefore, that it is still an open 
question whether hyaluronic acid exists in the 
human trabecular meshwork or not, and we have 
no direct evidence that such a substance is 
concerned in the control of either normal or 
abnormal aqueous outflow in man. 


Turning now to consider the pathological 
changes in the aqueous pathway which have 
been considered of importance in simple 
glaucoma, we should first note that Teng and 
his colleagues (Teng ef a/., 1955; Teng er al., 
1957) recently reported an extensive histological 
study in which degenerative changes in the 
trabecular region were noted as features of the 
ageing eye, and these were particularly severe in 
4 cases of wide-angle glaucoma. The changes 
consisted of fragmentation of the collagen, 
break-up of elastic fibres, proliferation of 
endothelial cells extending into the collector 
channels, and adhesions in Schlemm’s canal. 
Whether this widespread degeneration is of 
etiological significance in simple glaucoma is 
uncertain, however, for their specimens were 
obtained from an eye bank and had been in 
saline for some days, while their 4 cases are 
doubtfully admissible as true examples of simple 
glaucoma. My colleagues and I (Ashton er ai., 
1956) have recently shown how artifact and 
post-mortem autolysis can complicate this 
question. For instance, we found so-called 
canal “adhesions” in 25°% of our sections 
irrespective of age of the subject, and I am quite 
certain from the examination of many degenerate 
eyes and particularly of 20 eyes stored in saline 
for several days, that all the angle changes 
described by Teng and others can arise from 
post-mortem autolysis. Judging their 
illustrations and from the actual sections which 
I have examined I very much doubt whether there 
is any true endothelial proliferation. Some of 
the appearances are due to endothelial vacuo- 
lation; others to cellular infiltration or to cellular 
debris, and the apparent growth of endothelial 
cells into the collector channels results from 
prolapse of degenerate trabecular tissue into 
these openings. Indeed it is questionable 
whether proliferation of the endothelial cells of 
the human trabecular meshwork ever occurs, 
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for they rapidly undergo hydropic degeneration 
when injured. 

These post-mortem degenerations, however, 
are instructive for they clearly demonstrate that 
at least one type of trabecular degeneration— 
albeit post-mortem—may result in collapse of the 
trabecular meshwork with loss of lamellar 
alignment, which leads to obliteration of 
Schlemm’s canal and possibly to a cellular 
occlusion of the collector channels. Hence the 
work of Teng and his co-workers cannot be 
dismissed simply as post-mortem artifact for it 
may well be that the changes we seek in glaucoma 
are of a closely related kind. Unless perfectly 
normal trabeculae are found in early cases of 
simple wide-angle glaucoma, it is almost 
impossible in histological material to disentangle 
post-mortem from pathological changes. Here 
again, therefore, I think the role of trabecular 
pathology in simple glaucoma still remains an 
open question. 

Considering now the collector channels and 
intrascleral vessels as a possible site of obstruction, 
it was recently pointed out (Ashton, 1955) 
that the most likely site as judged from casts and 
injected specimens was in the outer sclera, 
immediately before the intrascleral channels 
pour their contents into the episcleral vessels, 
and it was suggested that they may possibly 
become obliterated by ageing changes in the 
sclera. 

About the same time Dvorak-Theobald and 
Kirk (1956) came to similar conclusions from a 
histological study of cases of chronic simple 
glaucoma. Subsequently I have shown by 
injecting Schlemm’s canal with Indian ink that 
the collector channels in long-standing cases of 
glaucoma may in fact be markedly attenuated, 
but unfortunately one cannot say whether this 
is the cause or the result of the raised intra-ocular 
tension—a fact which must constantly be borne 
in mind in theorizing upon such evidence—so 
that here again our knowledge is_ incon- 
clusive. 


Microscopical changes in a case of early simple 
glaucoma.—Over the last few years I have, 
through the kind co-operation of Mr. M. J. Gilkes 
and Mr. Redmond Smith, obtained eyes from 
post-mortem cases who in life had attended the 
Glaucoma Clinic. Unfortunately the first 5 
cases, for various reasons, were not completely 
admissible as perfect examples of simple 
glaucoma. A few weeks ago, however, the eyes 
from such a case became available. The full 
clinical history will be detailed elsewhere; the 
patient was a male aged 68 with early bilateral 
glaucoma showing typical arcuate scotomata, 
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cupped discs, raised tension, moderately deep 
open angles and impaired outflow. The posterior 
segment of the /efi eve (the more severely affected) 
was sectioned to show the cupped disc, the 
anterior segment was cut radially and Schlemm’s 
canal injected directly with Indian ink, which 
flowed around the canal perfectly, there being no 
evidence of adhesions or other obstructions. The 
ink flowed easily into the episcleral and 
conjunctival vessels indicating a free com- 
munication via the intrascleral channels, but 
filling was deficient at 6 o'clock. The specimen 
was then cleared by the Spalteholz technique and 
re-examined. 


After removal of the superficial vessels, no 
abnormality could be detected in the size or 
number of the collector channels (at least 18 
could be counted), and although there was some 
attenuation of the intrascleral channels as 
compared with a normal specimen—one large 
outlet at 6 o'clock for instance ended blindly in 
the sclera—there appeared to be a considerable 
number of patent communications between the 
canal and episcleral vessels. 


It is difficult to decide on this evidence alone 
whether these remaining patent channels were 
likely to have been sufficient to provide an 
adequate outflow, but it is interesting to recall 
that Ascher and Spurgeon (1949) estimated 
mathematically that obstruction of even a few 
of the larger outlets would very greatly increase 
the resistance to flow of the aqueous humour. 


Six hundred serial sections from a segment of 
the right eve have so far been examined. In 
none of the sections was there any evidence in 
the trabecular meshwork of sclerosis, endothelial 
cell proliferation or an abnormal mucopoly- 
saccharide content. In the majority of the 
sections, the trabecular fibres, the arrangement 
of the meshwork, and the appearances of the 
canal were completely normal, while in other 
areas the meshwork was collapsed and the canal 
obliterated, but no true adhesions were seen. 
In these areas considerable numbers of pigment 
cells were present in the meshwork and they 
occasionally extended into the collector channels. 
Several completely normal canal outlets and 
intrascleral channels were seen. 


Wet flat preparations of the scleral and uveal 
meshwork were made from the right eye, and 
they confirmed that the increased cellularity was 
mainly due to the entrapment of pigment cells. 
This was not greater than is seen in some normal 
eyes and there was no evidence of any kind of 
obstruction in the meshwork. The uveal fibres, 
however, differed markedly from the normal in 
that they gave an intense blue reaction with the 


iron method of Rinehart-Abul-Haj, suggesting 
that the fibres were abnormally swollen for I 
have found in the cornea that swelling of the 
mucoid-collagen complex leads to an increase in 
iron affinity and a diminution in collagen staining 
(Ashton, 1958). The swelling could be readily 
seen in individual fibres which showed gross 
thickening of the outer hyaline layer. In some 
areas the fibres of the hyaline layer appeared to 
have broken and retracted away from the central 
collagenous core. All these abnormal appear- 
ances, however, could be due to post-mortem 
degeneration and there is nothing to suggest that 
they are specific for glaucoma. I would, there- 
fore, sum up our findings as follows: 


(1) No microscopical methods for the investi- 
gation of angle structures are available to-day 
which are sufficiently free from artifact to provide 
completely reliable evidence in the solution of 
the glaucoma problem. 


(2) With this reservation in mind = and 
assuming for the moment a single etiology in 
simple glaucoma, the following conclusions may 
be drawn from the examination of this early case: 


(a) Simple glaucoma in its initial stages does 
not appear to be due to any abnormality of the 
canal outlets themselves. 


(b) Nor does simple glaucoma appear to be due 
to any sclerotic or proliferative process within 
the trabeculae. Trabecular sclerosis is almost 
certainly a secondary development since it can 
occur in late cases of glaucoma from any 
cause. 


(c) It is still entirely uncertain from this and 
other pathological examinations whether simple 
glaucoma may arise primarily through obstruc- 
tion of the intrascleral channels. 


(d) It is possible, though completely unproven, 
that this disease may begin with microscopical 
degenerative changes in the trabecular fibres, 
leading to collapse of the meshwork with 
diminution in its porosity. A vicious circle might 
then be set in train through the resulting hyper- 
tension inducing secondary changes of trabecular 
sclerosis, obliteration of the canal (first by the 
collapsed meshwork and then by adhesions), 
and finally obliteration of the scleral channels 
themselves. 


We still need much more evidence of the 
changes to be found in the whole of the outflow 
pathway in early cases of simple glaucoma in 
which the clinical picture is fully documented. 
Little further information is likely to be gleaned 
from studies confined to the trabeculz alone or 
to the outflow channels alone, or from 
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observations on material from advanced cases. 
Until these complete data are available any final 
conclusions on the significance of structural 
changes would be premature. 
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Dr. John Speakman (Institute of Ophthalmology, 
London, England, and Department of 
Ophthalmology, University of Toronto, 
Canada): 


The Development and Structure of the Normal 
Trabecular Meshwork 


In this study an attempt has been made to 
elucidate further some of the problems related to 
the normal anatomy of the meshwork, employing 
for this purpose ‘eased preparations of premature 
baby eyes from six months to term and adult eyes 
removed because of suspected  intra-ocular 


tumours. The baby eyes studied were fixed in 
formalin shortly after death, and the adult eyes 
were fixed in formalin following enucleation. It 
will be shown later that this is not adequate to 
prevent post-mortem change in certain of the 
corneal and trabecular cells. 


I shall discuss three aspects of the normal 
anatomy of the meshwork: 


(1) Development. 


(2) The anatomy of the drainage channels 
with particular reference to the region adjacent 
to Schlemm’s canal. 


(3) Vacuolation in the cells of the meshwork. 


The Development of Openings in the Trabecular 
Meshwork 

Paraffin sections show that the fetal meshwork 
is highly cellular and the collagen fibres are 
difficult to identify. In thin flat preparations, 
however, it is possible to recognize the beginning 
of the adult uveal and corneo-scleral meshwork. 
Some of the openings in the uveal meshwork are 
well differentiated but elsewhere a membrane of 
cytoplasm extends like a diaphragm between the 
fibres. 


Intermediate stages can be recognized in which 
one or more circular perforations are present in 
the cytoplasmic membranes. In the adult eye 
the openings in the uveal meshwork are very 
much larger and only occasional cytoplasmic 
membranes are present between the fibres. 

The foetal corneo-scleral meshwork by six 
months has differentiated into thin sheets of cells 
in which a number of primary well-defined 
circular and spiral openings can be recognized. 
Between the syncytium of cells forming the thin 
lamellez, fine collagen fibres are formed which 
become heavy collagen beams in the adult 
eye. 

It can also be deduced from a comparison with 
the adult eye that many secondary openings form 
during growth as a result of perforations in the 
cytoplasmic membranes forming the  feetal 
lamella. In the adult meshwork one can also 
see fine strands of cytoplasm crossing the clefts 
and spaces between the lamelle and it seems 
probable that these too form as a result of 
attenuation of the cytoplasm during growth of the 
eye. 

One can conclude, therefore, from a com- 
parison of the structures in the foetal and adult 
eye that a remarkable degree of growth and 
differentiation occurs in the trabecular meshwork 
which accounts for the altered configuration of 
the filtration angle with age. A special process 
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of cleavage has been postulated by Allen et al. 
(1955) to explain the development of angle 
structures and they feel that buphthalmos results 
from a cleavage failure. We found no evidence 
to support this view. Our findings suggest on 
the contrary that buphthalmos is probably due 
to an incomplete differentiation of the openings 
in the meshwork. 


Anatomy of the Drainage Channels 


The openings in the uveal meshwork are large 
and aqueous can easily pass through this layer to 
the underlying corneo-scleral meshwork to which 
the uveal fibres are intimately connected. 
Anteriorly the fibres are embedded in a hyaline- 
like substance which forms Descemet’s mem- 
brane, and posteriorly there are numerous 
attachments to the connective tissue of the iris 
and muscle fibres of the ciliary body. Contrac- 
tions of the ciliary muscle may influence the 
porosity of the meshwork as a result of these 
connexions. 


The corneo-scleral meshwork consists of a 
complex network of interlacing collagen beams 
in which there are numerous clefts and openings. 
In assessing its true porosity, however, one must 
consider the cellular elements which adhere to 
the fibres and stretch across the inter-lamellar 
spaces. Near the canal of Schlemm the collagen 
fibres run nearly parallel to its lumen forming a 
series of troughs and crests, and the openings in 
the lamella become long slits. 


The spaces between the lamell# are more 
accurately described in this region as a series of 
intercommunicating channels or tunnels. They 
are outlined by the parallel fibres forming their 
walls, are about 10 , in width, and can be traced 
for distances of 30 to 50 4. Occasionally one can 
see pleomorphic cells adhering to the walls and 
some of these may be macrophages or melano- 
phores which have wandered through the 
meshwork from the anterior chamber. 


An examination of flat preparations of the 
trabecular wall of the canal shows many round 
and ovoid openings, previously described by 
Ashton et al. (1956), through which aqueous can 
drain directly into the lumen of the canal from 
the channels in its wall. The openings vary in 
size from 3 5 x 12 It is not possible 
to determine their total number accurately but 
in one oil immersion field seven openings were 
counted. 


In addition to the openings on the inner wall 
several endothelial lined grooves were noted 
5 to 20, in width and up to 40, in length. 
Impressions of these can also be seen in Neoprene 
casts of the canal wall. Occasionally the narrow 


grooves open directly into the meshwork but 
the larger ones appear to connect with the 
meshwork only through smaller openings which 
are approximately 10 ,« in diameter. From these 
observations it seems clear that many of the 
endothelial lined defects seen in paraffin sections 
of the canal wall, which are referred to in the 
literature as Sonderman’s canals, are not true 
openings into the meshwork, but are due to the 
grooves on the trabecular wall. 


The unequivocal demonstration of openings on 
the wall of Schlemm’s canal should bring an end 
to the controversy and disagreement in the 
literature regarding the nature of the filtration 
channels in this region. 


Vacuolation in the Endothelial Cells of the 
Trabecular Meshwork and Cornea 

A remarkable degree of vacuolation is present 
in the endothelial cells lining the trabecular wall 
of Schlemm’s canal. The vacuoles are frequently 
found at each end of the fusiform nuclei and 
may be 5, in diameter. A very much finer 
vacuolation may be seen in the cytoplasm 
surrounding the trabecular fibres and in some of 
the clefts the vacuoles assume similar proportions 
to those seen on the wall of the canal. In a 
section it may be very difficult to differentiate 
the larger vacuoles from strands of cytoplasm 
crossing the gaps between the fibres. It is 
important to appreciate that these findings occur 
in an otherwise normal meshwork and they are 
not a specific pathological finding peculiar to 
glaucomatous eyes. 

A similar gross vacuolation was noted in the 
endothelial cells of the cornea, although because 
the cells are packed closely together, the vacuoles 
are more numerous. A study of fresh unfixed 
rabbit cornee, placed in warm Tyrode’s solution, 
was made with the phase microscope. It was 
possible to see the vacuoles gradually fill and 
later burst the endothelial cells. This phenom- 
enon, which occurs very rapidly, appears to be 
related to the role of endothelium in maintaining 
corneal deturgescence. The similar appearance 
of the trabecular endothelial cells suggests that 
they may function in the same way, particularly 
in the region of the canal wall. 

The significance of these findings in relation to 
the pathogenesis of open angle glaucoma cannot 
be assessed at present. Could it be that in some 
cases the process begins as a functional disorder 
of these cells? 


SUMMARY 


Our study of the normal anatomy of the 
trabecular meshwork has shown: 
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(1) As development of the eye progresses there 
is a marked increase in the size and number of 
the openings in the lamell# which is associated 
with an increased deposition of collagen. 


(2) Near the canal of Schlemm the aqueous 
travels through the meshwork in a series of 
thin-walled intercommunicating channels which 
enter directly into the lumen of the canal by 
means of numerous ovoid openings approxi- 
mately 10» in diameter. The total number of 
these present in a single eye could not be 
determined accurately but in one oil immersion 
field it was possible to identify seven. 


(3) The cells lining the trabecular wall of 


Schlemm’s canal show a remarkable degree of 
vacuolation very similar in appearance to 
vacuolation in the corneal endothelium, which 
occurs as a result of the post-mortem imbibition 
of fluid. This may indicate a functional 
similarity between these cells, and suggests that 
in vivo they might have an important role in 
preventing swelling of the innermost trabecular 
fibres. 
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Helping Rheumatic Patients 
to help themselves 


Many of the rheumatic syndromes seen in general 
practice do well on home treatment if the patient can 
carry out simple exercises and procedures efficiently. 
This series of illustrated leaflets, written in simple 
language by a G.P. and a Consultant in Physical 
Medicine, not only save surgery time but give the 
patient new confidence in his ability to co-operate 
with his own doctor in successful treatment. 


Lumbo-Sacral Strain. 

This leaflet is a great hospital-saver. With the 
help of these exercises and massage with Algesal, 
many patients have been relieved of backache 
who might otherwise have taken up time at Out- 
Patients. 


Frozen Shoulder. 

A common rheumatic syndrome in women, 
known also as capsulitis or sub-deltoid bursitis. 
It responds well to massage with Algesal and the 
non-weight bearing exercises clearly described 
here. 


Painful Foot Strain. 

This leaflet, with its restorative exercises, is 
valuable in helping to rehabilitate patients with 
the painful foot syndrome seen so commonly after 
debilitating illness or prolonged postural strain. 


Osteoarthritis of the Knee. 

By explaining with the aid of diagrams, the 
relationship between quadriceps tone and knee- 
joimt stability, this leaflet ensures the patient's 
full co-operation in quadriceps exercises. Massage 
with Algesal relieves the tissue pain in the osteo- 
arthritic knee. The exercise stabilises the joint 
and guards against further deterioration. 


These pads of tear-off leaflets will gladly be sent to 
doctors on request, together with samples of Algesal, 
. the original skin-penetrating salicylate balm for the 
relief of rheumatic pain by inunction. Other indica- 
tions for Algesal include fibrositis and muscular 
rheumatism, tenosynovitis and pain and _ stiffness 


Algesal 


W0*/, diethylamine salicylate in a soothing vanishing cream. 


E.G.H. LABS. Peru Street, Salford 3, Lancs. 
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Penicillin, the first antibiotic, 
is still foremost for safety, 
economy and effectiveness. 
Glaxo helped pioneer the 


lst choice large scale manufacture of 


penicillin and have always main- 


for treating mo st tained the highest standards 
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DISCUSSION ON THE SIGNIFICANCE OF CARDIAC MURMURS IN 
THE FIRST FEW DAYS OF LIFE 


Dr. Aubrey Leatham (London): 

Introduction 
As I possess no special knowledge of cardiac 
murmurs at this stage of infancy and since 
investigations by others are few and are difficult 
to perform, I shall briefly review the possible 
mechanism of such murmurs. 

Most murmurs are related to increased velocity 
of flow and fall into three main groups: 

(1) High rates of flow through normal or 
abnormal valves. 

(2) Forward flow through a constricted or 
irregular valve or into a dilated vessel. 

(3) Backward flow through a_ regurgitant 
valve, septal defect or patent ductus arteriosus. 

Large pressure differences and small orifices 
produce the highest blood velocity and loudest 
murmur (e.g. small ventricular septal defect or 
severe pulmonary stenosis), while small pressure 
differences across big defects may produce large 
flows without a murmur (e.g. atrial septal defect). 
Small flows across big defects are even less likely 
to cause a murmur. This explains why forward 
flow or right-to-left shunt through a patent 
ductus arteriosus, or a ventricular septal defect, 
is silent, for, to be compatible with life, the shunt 
is necessarily small and the defect in these cases 
seems always to be large. 

At birth with the onset of breathing the 
resistance to the flow of blood through the 
pulmonary circulation falls tremendously but is 
still high and about the same as the systemic 
resistance. Thus the pressures in the aorta and 
pulmonary artery, and in the left and right 
ventricles are about the same, and any flow 
through a defect connecting them will be small. 
Dawes has shown in lambs (Dawes et al., 1955), 
and Adams and Lind (1957) in man, that a small 
left-to-right shunt from aorta to pulmonary 
artery takes place during the first few hours or 
days of life, though the difference in pressure is 
so slight that the shunt can be reversed by 
crying (Eldridge er al., 1954). At this stage no 
murmurs can be heard because the shunt is small 
and the defect large and, similarly, no murmur 
would be expected from a ventricular septal 
defect of any appreciable size. When the ductus 
is closing, producing increased velocity of blood 
flow, brief murmurs have been heard and 
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recorded by Dawes e7 a/. (1955) and by Burnard 
(1958). 


With large ducts and ventricular septal defects 
the pulmonary resistance appears to remain very 
high, at systemic levels, from birth (Wood, 1958a), 
and prevents fatal flooding of the lungs; no 
appreciable shunt murmur will ever appear in 
these cases. With small or moderate sized 
defects, the pulmonary resistance, and therefore 
pressure, can fall without being fatal, and the 
increased velocity of the left-to-right shunt 
produces the characteristic murmur. 


The pressures in the left and right atria may 
not share in this changing relationship, for the 
left-to-right shunt from the ductus has increased 
the return of blood selectively to the left atrium 
and the higher pressure in this chamber closes 
the valve of the foramen ovale if the interatrial 
septum is intact. If there is a defect in the inter- 
atrial septum, the higher pressure in the left 
atrium should cause a left-to-right shunt and the 
usual signs of atrial septal defect. These signs 
are difficult to detect and may be transient, for 
the pressure gradient between left and right 
atria probably ceases when the duct closes, since 
the walls of the left and right ventricle are 
equally thick and offer an equal resistance to 
ventricular filling (Edwards, 1957; Wood, 19585). 


Thus shunts may be only potential, and difficult 
to diagnose, in neonatal life. Congenital valvular 
disease, however, is expected to produce the 
adult type of murmur. 

Phonocardiography is the graphic registration 
of heart sounds and murmurs and should prove 
of great value in the elucidation of these prob- 
lems in the neonatal period. Recordings should 
be made at high paper speeds so that tachycardia 
will not cause overcrowding of sounds and 
murmurs. In the first place, filters should be used 
to cut low frequencies so that the graph resembles 
the findings of auscultation. Not only will the 
clinical correlation be valuable, but these records 
will probably give the best relation to the 
hemodynamics, as they have in adults. A clinical 
classification of systolic murmurs based on 
phonocardiography has been suggested (Leatham, 
1958): 


(1) Midsystolic ejection murmurs caused by 
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Fic. 1.—Midsystolic ejection murmur in a patient with aortic 
stenosis. The murmur ceases before aortic closure. 


Fic. 2.—Pansystolic regurgitant murmur in a patient with a ventricular 
septal defect, low pulmonary resistance and left-to-right shunt. The murmur 
reaches and embraces aortic closure. 
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the forward flow of blood through the aortic 
or pulmonary valves. 

(2) Pansystolic regurgitant murmurs due to 
back-flow of blood from ventricles to atria 
through incompetent valves or to left-to-right 
shunts through a ventricular septal defect or 
patent ductus arteriosus when the right-sided 
pressures are low. 

Ejection murmurs fall off in intensity with 
diminishing flow towards the end of systole and 
cease before valve closure (Fig. 1). With “‘regur- 
gitation” from the high pressure left ventricle to 
the low pressure left atrium, or right ventricle, 
or from aorta to a low pressure pulmonary 
artery, both flow and murmur continue up to 
and beyond aortic or pulmonary closure (Fig. 2) 
for, at this time, there is still a difference in 
pressure between the donating and receiving 
chambers or vessels. These principles may be 
applied to the murmurs encountered in patients 
with patent ductus arteriosus and ventricular 
septal defect. 

Patent ductus arteriosus is associated with 
three types of murmur, depending on the hemo- 
dynamics, and only two are due to flow through 
the duct. The continuous murmur found in 
adults is due to a continuous shunt of blood 
from the high pressure aorta to a low pressure 
pulmonary artery. In infants the murmur of 
patent ductus arteriosus is described as systolic 
alone, even when the shunt is left-to-right. This 
is presumably due to the relatively high pul- 
monary resistance of the infant and in the few 
whom we have investigated the difference in 
pressure between aorta and pulmonary artery 
has been confined to systole, thus accounting 
for the systolic flow and murmur. The murmur 
is pansystolic and thus easily distinguished from 
aortic or pulmonary ejection murmurs. — In 
patent ductus with high pulmonary vascular 
resistance the small flow through the large duct 
is silent, though pulmonary ejection and regur- 
gitant murmurs are common when the pulmonary 
artery is greatly dilated. 

Similarly in ventricular septal defect the 
murmur is almost invariably pansystolic when 
the pressure in the right ventricle is low, and 
absent when the pressures in the two ventricles 
are about the same. In the latter group with high 
pulmonary resistance and a ventricular septal 
defect, as with a ductus, the dilated pulmonary 
artery may produce an ejection and a regurgitant 
murmur. 
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Dr. Geoffrey Dawes (Oxford) discussed the 
causation of murmurs and the ductus murmur in 
particular, basing his remarks on work already 
published in physiological journals (Born er ai., 
1954; Dawes et al., 1955; Amoroso et al., 1958). 
He emphasized that murmurs were due to 
turbulent flow, and that such murmurs were 
always found over the ductus arteriosus in new- 
born lambs, calves and foals. In contradis- 
tinction to Dr. Leatham, he pointed out that the 
left-to-right flow through the patent ductus after 
birth was very large, amounting to as much as 
half the cardiac output, in both animals and 
babies (Adams and Lind, 1957; James and Rowe, 
1957; Rowe and James, 1957) and that there is 
a large fall in pulmonary arterial pressure after 
birth. 
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Dr. E. D. Burnard (London): 


A Murmur that May Arise from the Ductus 
Arteriosus in the Human Baby 

A murmur which possessed certain character- 
istic properties was heard in 37% of 100 
apparently healthy full-term babies and in 57% 
of 96 premature babies. It had a rough, high- 
pitched quality and occurred in the latter part of 
systole. It sometimes continued into early 
diastole, through the second sound, which was 
always loud when the murmur was present. The 
murmur was seldom loud, and usually was best 
heard at the 3rd or 4th left costal cartilage; some- 
times it radiated more widely. There was always 
an interval of time from birth to the first detection 
of the murmur, in most instances between 
fifteen minutes and two hours. 

Phonocardiograms confirmed that the murmur 
occurred late in systole and sometimes continued 
through the second sound, and that its pitch was 
fairly high. The murmur became louder during 
inspiration and disappeared with expiratory 
straining, a form of fluctuation which might 
account for some of the difficulty in its detection. 
By analogy with the findings in other newborn 
mammals, and because of the relatively high 
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pitch, the downward radiation when loud, and 
the continuation beyond the second sound, the 
murmur has been attributed to flow through the 
ductus arteriosus from aorta to pulmonary 
artery. 

The murmur was not heard after the age of 10 
hours in mature, apparently healthy babies. In 
premature babies it lasted longer, and was 
present in 10° at the age of 48 hours. 

The murmur was related to clinical events. 
The apparently healthy mature babies in whom 
it was heard had in fact suffered birth asphyxia 
in most instances: it was found only very rarely 
after normal birth in full-term babies. In 
premature babies the murmur occurred whether 
there had been asphyxia at birth or not: in them 
there was a clear connexion with dyspnoea, and 
the murmur was not heard unless respiratory 
distress was present. In some prematures the 
murmur disappeared and then returned if their 
condition deteriorated. Mature babies who 
became ill with respiratory embarrassment after 
birth asphyxia were similar to premature babies 
in the more ready detection and longer duration 
of the murmur. There seemed therefore to be 
some connexion between birth asphyxia or 
prematurity on the one hand, and the murmur 
and difficult breathing on the other. 

The murmur was related to rectal temperature. 
The temperatures of babies in whom the murmur 
was present after birth asphyxia were significantly 
higher than when the murmur was absent. Con- 
versely, when babies who had not been 
asphyxiated were kept warm the murmur 
developed in a significantly higher proportion 
(30°%) than in babies who were not kept warm 

There is good evidence that the ductus 
arteriosus remains open for twenty-four hours or 
more after birth in the human baby, as in the 
lamb. The fact that the murmur has only rarely 
been heard after normal birth suggests that in 
the situations where it was detected, which have 
been described above, there was a departure 
from the normal conditions governing flow 
across the ductus. 

Its occurrence at higher temperatures suggests 
that when the murmur is present flow across the 
ductus is greater than normal. The principal 
value of the murmur at present, however, lies in 
the association that can be recognized with 
abnormal stress, namely asphyxia at birth or 
respiratory embarrassment. 


Dr. R. E. Bonham-Carter (London): 
Prognosis 


Estimates of the incidence of congenital 
malformations of the heart are rising with better 
observation and methods of investigation. 
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Keith ef al. (1958) says 5 per 1,000 live births; 
Carlgren (1958) says 6 per 1,000 live births. 
It may well be even higher. 

The recorded incidence of murmurs heard in 
neonates depends upon the diligence and acuity 
of the observer more than anything else. But 
the definition of the neonatal period also con- 
tributes. The excellent paper on this subject by 
Richards ef al. (1955) puts it as high as 17 per 
1,000 live births. 

The recorded incidence at University College 
Hospital has varied widely with the keenness of 
hearing and otherwise of the observers, but 
averages around 10-12 per 1,000 live births. 
We became interested in these noises ten years 
ago and have been following them since. All 
have been heard by two people, the majority by 
three or more. 

For the purposes of this discussion I propose 
to deal with those heard in the first 14 days, 
though we have 11 more heard in the second 
fortnight of life. 

The teaching has been that most of these 
murmurs are not significant. Our experience is 
that this is not so (Table I). 


Taste I 
Total live births 9 years to 1957 11,855 
Total murmurs heard 1-14 a9 


Total followed Ax 
Significant (inv vestigated) 29 
Jea ee ee 15 


The next group (Table II) are particularly 
interesting and would not have come to light but 
for the follow up. They are recurring murmurs. 


TasBLe II 
Murmurs disappearing and recurring 1 
Significant (investigated) 
Persistent (not investigated) 
Disappeared again 


The importance of this study is only that 
murmurs heard in the first few weeks of life are 
in the majority significant. Those that vanish 
apparently for ever do so usually within the first 
week of life. Some murmurs recur and are 
significant. So all murmurs heard at this time 
should be followed. 

My thanks are due to all the pediatric regis- 
trars and housemen we have had at U.C.H. 
during this period and particularly to Dr. Jean 
Smellie and Dr. Philip Benson who have organ- 
ized the follow up. 
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BOOK REVIEWS 


Principles of Medicine and Medical Nursing. By 
J. C. Houston, M.D., F.R.C.P., and Marion 
Stockdale, S.R.N., S.C.M., R.S.C.N. (Pp. 
ix-+198; illustrated. 15s.) London: English 
Universities Press Ltd. 1958. 

The aim of the authors to provide at a moderate 
price “a sound and reasonable introduction to 
present-day medicine” has been well fulfilled. 

The subject matter is clear and concise and is 
illustrated by simple, clear diagrams. 

Obviously in a book of this size it is impossible 
to mention all the diseases a nurse is likely to 
meet during the medical part of her training. 
It is, however, surprising to find no mention of 
acne vulgaris in the section on skin diseases, or 
of threadworm infestation in the chapter on 
diseases due to worms. 

Details of nursing care vary in the different 
training schools, but the use of glycerine of 
borax for application to a dry, coated tongue is 
now considered by many physicians to encourage 
the growth of monilia. Furthermore, the 
instruction on page 138: ‘a spoon or other blunt 
object should be forced between the teeth of a 
patient” in an epileptiform convulsion has been 
condemned by neurologists. 

As the table of physiological normals at the 
end of the book includes the normal composition 
of C.S.F., it would be more satisfying to the 
intelligent student if the “fairly typical changes” 
quoted on page 118 in poliomyelitis were more 
specifically mentioned as “‘an increase of protein’’. 

These are, however, minor criticisms and the 
authors are to be congratulated on producing an 
excellent, concise textbook. 


Amphetamine Psychosis. By P. H. Connell, M.D., 
D.P.M. Maudsley Monographs No. 5. 
(Pp. 133; illustrated. 21s.) London, 
Chapman & Hall, Ltd. 1958. 

This monograph describes some 42 cases of 
such addiction or intoxication seen at the 
Maudsley or Bethlem Hospitals, mostly between 
1953 and 1956, and analyses 36 other cases from 
the literature. Forty-two pages are devoted to 
the description of a valuable test for demon- 
strating the drug in the urine. Many patients 
consume the contents of inhalers. 

The book criticizes the Ministry of Health’s 
Annual Report 1954, which states “These drugs 
have the advantage of being relatively non-toxic; 
addiction to them is rare and there are no serious 
ill-effects; they may therefore be given to out- 
patients without undue risk.”” The author con- 
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tends, however, that a psychosis may result 
which is indistinguishable from schizophrenia 
and there may be no family history or typical 
pre-psychotic personality. The drug is in fact a 
true hallucinogen. Addiction is more frequent 
than is generally supposed. There can be serious 
toxic effects in both the mental and physical 
spheres. Addiction is difficult to cure. The 
drug should, therefore, not be prescribed except 
as part of a definite limited course of treatment. 

The situation, however, is likely to improve 
now that the drug in pill form comes under 
Schedule IV, but it is regrettable that at least one 
of the biggest manufacturers still sells 250 mg. 
inhalers. 


Metabolic Disturbance in Clinical Medicine. 
Ed.: G. A. Smart, B.Sc., M.D., F.R.C.P. 
(Pp. vii+ 358; illustrated. 45s.) London: 
J. & A. Churchill, Ltd. 1958. 

New light has recently been thrown on many 
diseases as a result of the detailed metabolic 
studies made possible by improved analytical 
methods, as well as by the application of isotopes, 
flame photometry and chromatography. Since 
much of this work has been written up in review 
articles and original papers in numerous journals, 
Professor Smart’s book fills an imper ant gap in 
presenting an account of the met oolic distur- 
bances which may be encountered in clinical 
medicine. As is to be expected from a book 
written by a number of authors, the treatment is 
somewhat uneven, and there is some overlap in 
the subject matter with that of “Biochemical 
Disorders in Human Disease’ by Thompson and 
King. Emphasis tends to be slightly in favour of 
the clinical aspects in the book at present under 
review. Chapters which are especially good are 
by Black on water and electrolytes and on the 
metabolic aspects of renal disease, and the 
account by Wilson, Moore and Jepson of the 
work of the Boston School on the metabolic 
disturbances following injury. Chapters on 
oxygen therapy, lung function and acid base 
balance, and on disturbances of metabolism 
affecting the central nervous system are also 
very useful. The book is well documented by an 
excellent series of references which are sufficiently 
up to date to extend to 1957. 


Florence Nightingale and the Doctors. By Sir 
Zachary Cope. (Pp. ix +164; illustrated. 
21s.) London: Museum Press Ltd. 1958. 
This is a welcome addition to the literature 

dealing with the story of one of the more remark- 
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able and interesting personalities of the Victorian 
era. In his preface the author expresses the hope 
that his account, which reproduces extracts from 
letters not hitherto made public, may throw a 
clearer light upon Florence Nightingale’s curious 
and highly complex nature. This it certainly does. 
She seems to have found the majority of doctors 
easier to get on with than most of her contem- 
poraries: e.g. “I can always talk better to a 
medical man than to anyone else. They have not 
that detestable nationality which makes it so 
difficult to talk with an Englishman.” 

The selection of extracts from Miss Nightingale’s 
correspondence with distinguished members of 
the medical profession is well chosen: suitably 
arranged as they are, in company with some 
necessary historical details of her career, they 
make very interesting reading. 

The more polemical aspects of her relations 
with the medical authorities during the Crimean 
war are treated with that judicial fairness which 
is so characteristic of Sir Zachary Cope: 

“Miss Nightingale must have been able and 
very willing to supply a lot of useful information 
to the (Sanitary) Commissioners who found it 
difficult to criticize the sanitary conditions of the 
hospitals without implicating the chief medical 
officer, Dr. (afterwards Sir John) Hall, and the 
Director-General of the Army Medical Service, 
Sir Andrew Smith. There is no doubt that Miss 
Nightingale regarded Dr. Hall as typical of the 
system which had broken down under the strain 
of war, and Dr. Hall on his part regarded Miss 
Nightingale as an interloper who was in some 
respects undermining his authority. There was 
truth in both of these points of view.” 

Of special interest is the account of the 
correspondence with Sir Henry Acland and 
others about the training of nurses and the 
granting of certificates of proficiency, a proposal 
to which, curiously enough, Florence was at the 
time strongly opposed. 

The illustrations are good, and the general 
format of the book is pleasing. We congratulate 
both the author and the publishers. 


Non-Venereal Syphilis. A Sociological and 
Medical Study of Bejel. By Ellis Herndon 
Hudson, M.D., D.T.M. & H.(Lond.), 
F.A.C.P. (Pp. vii + 204; illustrated. 30s.) 
Edinburgh and London: E. & S. Livingstone 
Ltd. 1957. 

Dr. Hudson, out of a not inconsiderable 
experience, has written in time past a great deal 
of interest about treponemata and the diseases 
they may cause in man. In this book he 
concentrates on bejel, but inevitably there are 
sections on syphilis, yaws and pinta and the 


interrelationship between these four diseases 
which, Dr. Hudson believes, are caused by the 
same historic organism, variations in their 
manifestations being due to changes in the 
environment of the hosts. Dr. Hudson discusses 
the Columbian view of syphilis fully and 
interestingly, and suggests very credibly that it 
is nonsense. He goes on to write about bejel, 
basing the discussion on his own experiences at 
his clinic in Deir-ez-Zor, in the Euphrates 
valley. Its epidemiology, sociology, clinical 
science, serology and histology are clearly and 
interestingly described. Since his researches 
into the subject were in the pre-penicillin era, 
there is less said about treatment than about 
other aspects of the disease. The black and 
white photographs are quite outstandingly good 
and intriguing. An esoteric subject this may 
be, but travel books are always satisfactory things 
to read, and only the dull doctor will get nothing 
out of this one. 


The Forequarter Amputation. By H. F. Moseley, 
M.A., D.M., M.Ch.(Oxon), F.R.C.S.(Eng. 
and Canada), F.A.C.S. _ Illustrated by 
Helen T. MacArthur, B.A. (Pp. viii + 79; 
illustrated. 42s.) Edinburgh and London: 
E. & S. Livingstone Ltd. 1957. 

The industry of the author is inexhaustible, 
for he tells us that this is the sixth publication 
in which he has had the valuable aid of Miss 
Helen MacArthur, the gifted medical illustrator 
at the Royal Victoria Hospital, Montreal. The 
Assistant Professor of Surgery has first-rate 
qualifications for writing this book, since his 
own particular contributions to the textbook of 
surgery which he edits deal with fractures and 
other disorders of the extremities; moreover, 
the Hunterian Lecture which he delivered at the 
Royal College of Surgeons of England concerned 
itself with an orthopedic problem. 

To the reviewer the illustrations depicting the 
various steps of the Littlewood or posterior 
approach to the amputation seem particularly 
helpful; the author correctly points out that this 
is the more rapid method of amputation. 
Nevertheless, the amputation, whether performed 
by the Berger or the Littlewood technique, is a 
simple operation, and without any desire to be 
a captious critic the Horatian “tag” keeps 
ringing in one’s ears: “Parturiunt montes, 
nascetur ridiculus mus.” 

The author has rendered a service to those 
with a historical penchant by collecting and 
arranging in chronological order the traumatic 
forequarter amputations recorded in_ the 
literature. The reviewer has seen two additional 
cases that have not found their way into the 
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printed page: one was that of an officer wounded 
in the early part of the Third Battle of Ypres 
in the autumn of 1917; the other was that of a 
surgeon wounded by enemy air attack on the 
South coast of England in 1944, 

The work is in the best Livingstone tradition, 
and the author, like many others, has enjoyed 
the generous help and friendly counsel of 
Mr. Charles Macmillan. 


Sidelights on the History of Medicine. Edited by 
Sir Zachary Cope. (Pp. x + 246; illus- 
trated. 45s. 35s. to Fellows of the Royal 
Society of Medicine.) London: Butterworth 
& Co. (Publishers) Ltd. 1957. 


The Jubilee of the Royal Society of Medicine 
was the occasion for publishing a collection of 
some 23 lectures upon the history of medicine. 
The papers are diverse in character and include 
such topics as Greek medical etiquette (W. H. S. 
Jones); the medical staff of King Edward III 
(G. E. Gask); Professional Fees (D’Arcy 
Power); Humphry Davy’s contribution to 
anesthesia (F. F. Cartwright); and the History 
of Ovariotomy (Herbert Spencer). All of the 
papers are of interest, one of the most intriguing 
being Guthrie’s “The Patient: a neglected factor 
in the History of Medicine.” The papers have 


been selected and edited by Sir Zachary Cope, 


who writes a foreword and also contributes a 
most readable article on surgical lectures one 
hundred and fifty years ago. 


Therapeutic Exercise. Edited by Sidney Licht, 
M.D. (Pp. xiv + 893; illustrated. $16.) 
New Haven, Conn.: Elizabeth Licht, 
Publisher. 1958. 

Having already published similar symposia on 
Electrodiagnosis and Therapeutic Heat, the 
Physical Medicine Library now completes the 
trilogy with a comprehensive review on Thera- 
peutic Exercise. 

There can be little doubt of the truth of its 
claim to be “the largest volume ever published 
on the subject”; 36 authors from both sides of 
the Atlantic have contributed. 

The first 18 chapters are devoted mainly to 
anatomy, physiology and general principles of 
rehabilitation. Included are excellent mono- 
graphs by Nancy Salter and T. F. Hynes on 
methods of muscle and joint examination and 
evaluation. C. B. Wynn-Parry describes a series 
of vicarious movements which can be developed 
to overcome functional disability resulting from 
paralysis, and Herman Kabat explains the 
principles on which his controversial ‘‘Proprio- 
ceptive facilitation techniques” are based. 

The remaining 17 chapters are devoted to 


detailed accounts of exercise regimes in specific 
conditions. Finally, the editor contributes a 
lengthy appendix on miscellaneous techniques 
which—incredible as it may seem in a book of 
893 pages—have not been dealt with by his 
colleagues. 

Whether considered as a reference book or as 
a series of comprehensive monographs complete 
with bibliographies, this will undoubtedly be a 
most useful book not only to specialists in 
physical medicine but also to physiotherapists, 
educational gymnasts and all other medical 
auxiliaries who are interested in rehabilitation 
techniques. 

Inevitably the style and standard of writing 
are patchy and some of the descriptions of 
techniques are difficult to follow; however, there 
can be no doubt that this volume will contribute 
to the editor’s avowed aim that wherever possible 
vague prescriptions for “rehabilitation”? will be 
replaced by specific instructions for logically 
planned therapeutic exercises. 


The Biologic Basis of Cancer Management. By 
Freddy Homburger, M.D. (Pp. xvii + 354; 
illustrated. 75s.) London: Cassell & Co.., 
Ltd. New York: Paul B. Hoeber, Inc. 1958. 

Dr. Homburger has discussed in the four parts 
of his book a great deal of the data which have 
already been accumulated on: (1) The Etiology of 
Cancer, (2) The Biological Behaviour of Cancer, 
(3) The Diagnosis of Cancer, (4) The Treatment 
and Prevention of Cancer. 

Practically every statement made by the author 
is backed in the text by a reference to some 
well-known authority on the point under 
discussion. These references are again listed in 
an appendix under each chapter and _ total 
approximately 1,200 names. To read and to 
extract all this material has been a gigantic task. 
It is probable that for the expert in Cancer 
Research there may not be much that is new in 
his own particular line, and some of it may be 
considered controversial, but for the ordinary 
medical reader it is a fascinating book. 


Diffuse Lesions of the Stomach. By Ian J. Wood, 
M.D.(Melbourne), F.R.C.P., F.R.A.C.P., 
and Leon I. Taft, M.B., B.S., B.Sc.(Mel- 
bourne). (Pp. x + 86; illustrated. 24s.) 
London: Edward Arnold (Publishers) Ltd. 
1958. 

The Melbourne school, led by Ian Wood, have 
pioneered the studies on gastric biopsy, having 
perfected a new technique which has since had 
important applications in other fields. This 
small monograph brings together in 86 pages 
the details of technique and their observations 
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on acute gastritis, chronic gastritis, diffuse giant 
hypertrophic gastritis and pernicious anemia, 
together with all important references. It is 
refreshingly written and authoritative and will 
remain a little masterpiece for the next generation. 


It’s Healthy to be Human. By F. R. C. Casson, 
M.B., B.S., D.P.M. (Pp. 160; 10s. 6d.) 
London: The British Medical Association. 
1958. 


In this little book, one of a series published by 
the British Medical Association, Dr. Casson 
has outlined, for the benefit of lay people, the 
nature of instinct, and has described the way in 
which it works in the human being at the seven 
main age-periods from infancy to senescence. 
He has discussed particularly the variability of 
the three main instincts, hunger, sex and self- 
assertiveness, and has done it very well. He has 
fully explained his technical terms—fixation, 
sublimation and the like—and the book may be 
confidently recommended to parents who seek 
to improve their comprehension and control of 
young children. 


The Borderland of Embryology and Pathology. 
By R. A. Willis, D.Sc., M.D., F.R.C.P. 


(Pp. ix 627 + 33: illustrated. 90s.) 
London: Butterworth & Co. (Publishers) 
Ltd. 1958. 


This magnificent book represents a new 
departure in both embryology and pathology. 
In fact, it is designed to bring together the 
embryologist and the pathologist on common 
ground in dealing with the subject, not only of 
congenital malformations, but of those con- 
ditions which arise from events in prenatal life. 

This is a new approach but obviously one of 
the greatest importance. The modern embryo- 
logist and pathologist together elucidate many 
conditions, not only malformations but 
teratomata and inborn errors of metabolism and 
blood formation. 

The book is too large and the scope of the 
subject too vast to cover in a brief review. The 
book can be recommended to all interested 
in the subjects concerned. It is beautifully 
produced and illustrated and the bibliography 
is extensive so that it will prove an invaluable 
work of reference. 


Psychiatry and the Public Health. 
Hargreaves. (Pp. 118; 12s. 6d.) 
Oxford University Press. 1958. 

This volume contains the Heath Clark Lectures 
for 1957. The first lecture is a brief summary 
of the origins and development of psychiatry. 

Three more are devoted to defining the present 


By G. R. 
London: 


Proceedings of the Royal Society of Medicine 


position of psychiatry in relation to the com- 
munity, general practice and the public health 
service. It is beautifully produced and has an 
air of academic calm which is deceptive. 
Professor Hargreaves has taken advantage of 
his opportunity not only to describe the present 
state of affairs, but to advocate changes and 
reforms, particularly in the fourth lecture (which 
to psychiatrists will perhaps be the most 
interesting) on psychiatry and medical 
administration. 

Psychiatrists will welcome the publication of 
these lectures because much is well said that 
needs saying at this time about, for example, 
the teaching of psychiatry, the status of child 
psychiatry, and the co-ordination of outpatient, 
inpatient and rehabilitation services. 

It can be recommended to general physicians, 
general practitioners and senior students as well 
as to the Medical Officers of Health for whom it 
was primarily written. 


Clinical Involvements or—The Old Firm. By 


H. Gardiner-Hill, M.D., F.R.C.P. (Pp. 
vii +- 200; illustrated. 32s. 6d.) London: 
Butterworth & Co. (Publishers) Ltd. 1958. 


The lessons learned from bedside teaching and 
the methods revealed by a consultant as he 
approaches a sick patient, are often worth many 
pages of book reading. Yet, to turn one into 
the other is almost impossible; to capture the 
spontaneity and liveliness of a clinical round in 
the restricted medium of a printed page is 
unlikely to succeed even when decorated with 
funny pictures as this book is. 

The cases are clearly presented and the 
maxims they illustrate are sound enough, but 
they lose a lot of their value because the 
consultant and the patient are not there. And 
the pictures: a trap-door opening in the forehead 
to remind the reader to “keep an open mind”; 
a broken-down crock of a car to illustrate aplasia 
of the marrow; they do not add greatly to the 
material. 

Yet despite these imperfections there is a 
wealth of clinical experience here, an unrestricted 
range of subjects and the imprint of an enquiring 
unfettered intelligence. The book makes a 
stimulating “Companion to Medical Reading” 
and for ex-members of “The Old Firm” will 
reawaken old learning and revive pleasant 
memories. 


Theory of Psycho-analytic Technique. By Karl A. 
Menninger, M.D. Menninger Foundation 
Series Monograph No. 12. (Pp. xiii + 206; 
illustrated. 25s.) London: Imago Publish- 
ing Company Ltd. 1958. 

A brief account is given of the libido theory 
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on which psychoanalysis is based. Dr. Menninger 
discusses frankly the undercurrent of emotions 
(transference and countertransference) in the 
analytic situation. By free association and by 
recounting his dreams, the patient regresses back 
to the emotional experiences of childhood. The 
analyst interprets the patient's irrational attitudes 
and symptoms in the face of unconscious 
resistance, until self-understanding has led to 
better social adjustment. 

Although the preceding monograph (No. 11) 
in this Menninger Clinic series was based on the 
scientific method, the present one geflects a 
regressive tendency in American psychiatry. 
There is much that is offensive to the medical 
reader. Thus there are more than two dozen 
references to fees; one patient's failure to improve 
after two years’ treatment was surely not only 
because someone else was paying for it (p. 35); 
the words “we know” and “of course” precede 
the most dubious explanations (p. 118); some 
analysts are said to feel homosexual urges 
towards the patient, and so drop the case too 
soon (p. 176); the analyst is told how to behave 
if a patient mentions having been seduced by a 
previous analyst (p. 118); we are told (but is the 
patient?) that therapeutic success is not of 
primary importance (p. xi): if we look for facts 
and figures, we are merely told that “millions 
have been relieved” by psychoanalysis (p. 178) 
and “the gains of the treatment are immeasurable” 
and “extend out into the universe” (p. 179). 

If the book is intended for medical men, the 
writer might have referred more to recent efforts 
by Franz Alexander and others to evaluate such 
theories scientifically and to bring what is of 
value in them into line with other disciplines 
(see Kruse, H. D. (1957) Integrating the 
Approaches to Mental Disease. London: 
Cassell & Co. Ltd.), but if it is intended to teach 
the contents of this book to medical men, it 
would surely be better to follow Freud’s advice 
(Jones, E. (1953-1957) Sigmund Freud: Life and 
Work. Vol. III, ch. IX. London: The Hogarth 
Press) and restrict the practice of psychoanalysis 
to the laiety. 


Chemotherapy and the Central Nervous System. 
By Henry Mcllwain, Ph.D., D.Sc. (Pp. viii-+ 
328; illustrated; 45s.) London: J. & A. 
Churchill, Ltd. 1957. 

The reader would perhaps derive most value 
if he were to read first, and digest, the author’s 
useful Chapter 12. Herein we find Claude 
Bernard quoted in apposite fashion: “La fixité 
du milieu intérieur est la condition de la vie 
libre.” This obiter dictum was modified by 
Barcroft to “the fixity of the internal environ- 
ment is in short the condition of mental activity”. 


In other words, constancy of the com sition of 
body-fluids is more important to the functioning 
of the brain than it is to other bodily activities. 

This book is an extremely useful one, for it 
interprets the data of the pharmacological 
laboratory for the benefit of the practising 
doctor. The stupendous advances made in 
chemotherapy during the past few decades have 
transformed both the treatment and the prog- 
nosis of the sick. It is no easy task for the busy 
and experienced clinician to keep abreast of 
these advances, let alone to evaluate them. 
Professor Mcllwain’s monograph will materially 
help. It should be studied over and pondered, 
particularly by psychiatrists —who, often without 
preliminary training or aptitude, are to-day pre- 
sented with a pharmacological armamentarium 
of unbelievable potency. We suspect that at 
times these powerful weapons are employed 
with an insouciance which would cause an 
ordinary internal physician to tremble. For such 
practitioners, this book is highly recommended. 
The chemical terminology is bewildering at 
times, and when this is combined with the more 
familiar trade-names, a veritable bilingual state 
develops. Perhaps the reader's task could be 
simplified if there were appended a glossary of 
synonyms. This point is possibly a small one, 
and should in no way be read as criticism of a 
very real literary accomplishment. 


The Function of the Ureter and Renal Pelvis. 
Pressure recordings and radiographic studies 
of the normal and diseased upper urinary 
tract of man. By Fredrik Kiil, M.D. 
(Pp. 205 + xii plates; 52s. 6d.) Philadelphia 
and London: W.B.Saunders Company. 1957. 

This book is based upon the author’s own 
experimental studies of the function of the ureter 
and renal pelvis, but a critical review of most of 
the relevant literature has been successfully 
included in the text. 

The opening chapters relate to the methods of 
study and indicate that the experimental condi- 
tions have been carefully controlled. In succeed- 
ing chapters the methods are applied to an 
evaluation of the nature of the contraction 
waves in the ureter and renal pelvis, and to the 
relationship of contractile activity to urine flow, 
obstruction or distension, micturition, pregnancy, 
and various drugs. The conclusions reached are 
conveniently detailed at the end of each chapter 
and are summarized at the end of the volume, 
but no new theory of the mechanism of urine 
transport from kidney to bladder is presented. 
The experimental results are stimulating, but the 
limitations of the manometric method need con- 
stantly to be borne in mind, so that the book 
contains much of interest to the physiologist and 
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experimental urologist, but may be of limited 
value to most clinicians. 


Outline of Fractures. 2nd ed. By John Crawford 
Adams, M.D.(London), F.R.C.S.(England). 
(Pp. viii+268; illustrated. 27s. 6d.) Edin- 
burgh and London: E. & S. Livingstone, 
Ltd. 1958. 

The first edition of this book was reviewed in 
these columns in June 1957 (‘*Proceedings,”’ 50, 
436). The appearance of a second edition so soon 
is proof of the book’s popularity. Apart from 
the section on the spine, there are no major 
alterations. 


Rehabilitation of the Hand. By C. B. Wynn- 
Parry, M.B.E., M.A., D.M., D.Phys.Med. 
(Pp. vii +273 +17; illustrated. 45s.) London: 
Butterworth & Co. (Publishers) Ltd. 1958. 

Interest in disabilities of the hand is still 
gaining momentum in Great Britain and the 
Second Hand Club is flourishing. Wynn-Parry’s 
important book, published on the crest of this 
wave, makes a large contribution to the detailed 
knowledge of this subject. Anatomy and 
physiology are dealt with in a functional and 
interesting way, and the pathological anatomy is 
refreshingly clear and concise. There are separate 
chapters on tendon injuries, nerve injuries, hand 
stiffness, the rheumatoid hand and upper limb 
weakness. The chapter on electrodiagnosis 
describes in 20 pages and in sufficient detail all 
the modern views on this subject. In_ this 
chapter it is made obvious that the doctor who 
has to deal with nerve injuries cannot rely on 
such old-fashioned investigations as R. of D.; 
there is a great deal more to know than that. 

It is a little disappointing that considerable 
emphasis is placed on passive treatment (e.g. oil 
massage and stretch splinting), in the manage- 
ment of immature deformities which respond so 


satisfactorily to a repetitive exercise programme. 
Perhaps one still expects the enthusiastic super- 
active programme that characterized the R.A.F. 
in wartime. 

This criticism is the only one that can be 
levelled at a volume that is not only full of 
information, right up to date and _ beautifully 
produced, but also includes a delightfully sound 
chapter on the principles of reconstruction of 
the hand by D. Brooks. 

The final chapter on resettlement describes 
all the facilities available in this country for the 
intelligent resettlement of persons with residual 
disabilities that preclude return to normal work. 
It is a comprehensive survey and yet the author 
has succeeded in condensing it all into 16 
pages. 

Dr. Wynn-Parry is to be congratulated on 
producing such a clear, complete and authorita- 
tive guide for a rapidly growing group of persons 
interested in rehabilitation of hand disabilities. 


Physical Examination of the Surgical Patient. 
By J. Englebert Dunphy, M.D., F.A.C.S., 
and Thomas W. Botsford, M.D., F.A.C.S. 
2nd ed. (Pp. xv+375; illustrated. 56s.) 
Philadelphia and London: W. B. Saunders 
Company. 1958. 

The second edition of this popular American 
textbook differs only slightly from the first, the 
most important difference being the addition of 
short chapters on the taking of the history and 
on cancer detection. The previous edition was 
illustrated entirely by drawings, chiefly line 
drawings, and the few photographs now included 
hardly compensate for the breaking of the 
illustrative continuity. The work successfully 
combines the functions of a textbook on the 
technique of physical examination of the 
surgical patient and an elementary textbook of 
differential diagnosis. 
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sexes are received for treatment. Careful clinical, biochemical, bacteriological and pathological examinations. Private rooms with 
special nurses, male or female, in the Hospital or in one of the numerous villas in the grounds of the various branches, can be provided. 


WANTAGE HOUSE 


_. This is a Reception Hospital in detached grounds with a separate entrance, to which patients can be admitted. It is equipped 
with all the apparatus for the complete investigation and treatment of Mental and Nervous Disorders by the most modern methods: 
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the tendency to gastric irritation sometimes caused by the use of aspirin alone. 


‘ Alasil ’is an advanced sedative and antipyretic; it does not tend 
to induce gastric irritation; because of its high tolerability, it 
may be used for long-term administration even to those with 
sensitive stomachs, and to children. 

‘Alasil’ Tablets contain the recognized antacid corrective, 
* Alocol’ (Colloidal Aluminium Hydroxide), which permits their 
sedative can. acetylsalicylic acid, to exert its action with 
minimal risk of side-effects. 

Symptomatic pain, generally ; fibrositis, lumbago, 
headache, dysmenorrhoea ; dental pain. 


Packs & Prices TO PHARMACISTS (P. exempt for dispensing) 


ALASIL JUVENILE 
1 
Alasil ‘Juvenile’ 
ar Tablets specially 


d 
Sample and literature on request to: 


A. WANDER LIMITED, 42 UPPER GROSVENOR ST., LONDON, W.! 


A GENERAL STIMULANT FOR 
THE CENTRAL NERVOUS SYSTEM 


Ps cases requiring a quick-acting general stimulant without increasing 
atient’s appetite, we consider Amphetone unique. It combines for 
ool time, Dexamphetamine Sulphate and Strychnine with Glycero- 
ohaaghants and members of the Vitamin B Group. The Dexampheta- 
mine provides the convalescent with an immediate feeling of well-being, 
this being followed by the well-known tonic effects of the other 
medicaments. Clinical reports have been excellent. 
FORMULA 


Sulphate B.P.C., 1/12 grain; Hydrochloride 

1/60 grain; Calcium Glycerophosphate B.P.C., 2 grains; Sodium 
B.P.C., 2 grains; Aneurine H B.P., 1/30 
grain; Nicotinamide B. P., 1/4 grain; Riboflavin 1/60 grain; “Syrup 
of Blackcurrant B.P.C., 2 “fluid drms.; Water to in fluid ounce. 


[POISON (34) 


Available in botties containing 10, 20, 40 and 80 fluid ounces. Professional prices 5/3 
9/11, 16/8 and 30/4 each. Samples available on request. 


JAMES WOOLLEY, SONS & CO. LTD., victoria since, MANCHESTER 3 
in Association with J. Arnfield & Sone Limited 


London Stockists: May, Roberts & Co., Led., 47 Stamford Hill Road, London, N 16 
Distributors for Northern Ireland: Messrs. Dobbin & Stewart, 47-49 Earl Street, Belfast. 
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ANDREW’S HOSPITAL 


FOR NERVOUS AND MENTAL DISEASES 
NORTHAMPTON 


President—THE EARL SPENCER 
Medial Superintendent—THOMAS TENNENT, M.D., F.R.C.P., 


ST. 


THIS Registered Hospital is situated in 130 acres of park and pleasure grounds Voluntary nts, wh re suffering trom 
incipient mental disorders or who wish t prevent recurrent att icks of mental tr oub le temporary patie ind certified patients both 
sexes are received for treatment. clint il, biochem: cal bacteriological and pathological examination: Privat ms with 
special nurses, male or temale, in the Hospital or in oF tthe nt imerous villas in the grounds of the various branche P ided 


WANTAGE HOUSE 


This is a Reception Hospital in detached grounds with a separate entrance, to which patients can be admitted — it 


with all the apparatus tor the c mple te investigat d treatment of Mental and Nervor 1s ao ders by t st moder 
insulin treatment is available tor suit ISeS ontains special departments tor Hydrotherapy by 1 method 
Turkish and Russian Baths, thee prolonge nmersion bath Vi hy Bo he Scotch Douc lectrni at baths PL lomt t 
etc There is an Operating Theatr al Surger X-ray Room Ultra-Violet Apparatu 1 tn I 
and High-Frequency treatment It also contains Labeoratornes tor Bu ches mical, Bacteriological R t 


therapeutic treatment is employed 


TON PARK 


Two miles from the 


1 il nch establishments and villas situated in a park and tarn ‘ 
Milk, meat, truit and vegetables sup} {to th ih il m the tarm, garde ind orcl ot Moulton Park Occup 
Pherapy is a teature of this nch, and patients are given every tacilitv tor occupying themselves in tarming, gard st 


growing 


\- Y- NEULADD HAL 
The seaside house « Hosp ly situated in a park sO) aore 
scenery in North Wales h-v sid i the Estat le of vast torr 
branch tor a short seaside chang 
trout-fishing in the park 


At ail 


courts), croquet grounds, golt « rses 1 bowling od nd ¢ 


tor handicrafts, suct rpentry 
For terms and further partic Med ntendent TELEPHONE N N 
who car Ippointment 


RIDDOSEDD TABLETS 


A Compound of SODIUM-DIETHYLBARBITURATE-PHENACETIN-CODEINE The 
ideal HYPNOTIC, SEDATIVE, SOPORIFIC and ANALGESIC 


RIDDOSEDD induces a calm, natural sleep of several hours without any 
resulting somnolence. 


RIDDOSEDD has no injurious effects upon the heart, circulation, kidneys 
or respiration. 

RIDDOSEDD is timed to set in when patients awake during the early hours 
of the morning, thus ensuring a continuation of normal sleep. 


RIDDOSEDD as a soporific is 20 times greater than that of Sodium 
Diethylbarbiturate. 


RIDDOSEDD has proved to be a most reliable and best tolerated soporific 
and sedative for more than twenty years. 


PACKED IN BOTTLES OF 20 and 100 
Please write for details to:— 
Sole Manufacturers: 


RIDDELL PRODUCTS LIMITED 


RIDDELL HOUSE, 10-14 DUNBRIDGE STREET, LONDON, €.2 & 
3 Telephone: SHOreditch 7254. Telegrams: Pneumostat, Beth, London 


BRANCH OFFICE: |! Mansfield Chambers, St. Ann's Square, Manchester 2 
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A Superior Buffered Analgesic 


‘ALASIL’ TABLETS—the improved form of salicylate medication -provide the 
efficient analgesia expected from their content of aspirin. Their superios 
acceptability derives from their content of a reliable buffer which minimizes 
the tendency to gastric irritation sometimes caused by the use of aspirin alone. 


* Alasil “is an advanced sedative and antipyretic; it does not tend 
to induce gastric irritation; because of its high tolerability, it 
may be used for long-term administration even to those with 
sensitive stomachs, and to children. 

*Alasil’ Tablets contain the recognized antacid corrective, 
* Alocol’* (Colloidal Aluminium Hydroxide), which permits their 
sedative principle, acetylsalicylic acid, to exert its action with 
minimal risk of side-effects. 

Symptomatic pain, generally ; rheumatism, fibrositis, lumbago, 
headache, dysmenorrhoea ; dental pain. 


TO PHARMACISTS (P.T. exempt for dispensing) 
Standard size 1000 in 250 bottles, 30/8. 
‘Juvenile’ size: 375 750 11/3; 1500, 21/6. 


ALASIL JUVENILE 
FI 


Sample and literature on request t 


A. WANDER LIMITED, 42 UPPER GROSVENOR ST., LONDON, W.1 


KOON 


REGISTERED 


A GENERAL STIMULANT FOR 
THE CENTRAL NERVOUS SYSTEM 


For cases requiring a quick-acting general stimulant without increasing 
the patient's appetite, we consider Amphetone unique. It combines for 
the first time, Dexamphetamine Sulphate and Strychnine with Glycero- 
phosphates and members of the Vitamin B Group. The Dexampheta- 
mine provides the convalescent with an immediate feeling of well-being, 
this being followed by the well-known tonic effects of the other 
medicaments. Clinical reports have been excellent. 
FORMULA 
Dexamphetamine Sulphate B.P.C. 1/12 grain, Strychnine Hydrochloride 
B.P.. 1/60 grain. Calcium Glycerophosphate B.PC.. 2 grains: Sodium 
Glycerophosphate B.P.C., 2 grains; Aneurine Hydrochloride B.P., 1/30 
grain: Nicotinamide B.P., 1/4 grain; Riboflavin B.P.. 1/60 grain; Syrup 
of Blackcurrant B.P.C., 2 fluid drms.; Vater to |/2 fluid ounce. 
| POISON | ($4) 

Available in botties containing 10, 20, 40 and 80 fluid ounces. Professional prices 5/* 
911, 168 and 30 4 each. Samples available on request. 
JAMES WOOLLEY, SONS & CO. LTD., victoria erinGe, MANCHESTER 3 

In Association with J. C. Arnfield & Sons Limited 
London Stockists: May, Roberts & Co., Led., 47 Stamford Hill Road, London, N 15 
Distributors for Northern ireland: Messrs. Dobbin & Stewart. 47-49 Earl Street. Belfast. 
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Every face 


witha lHROAT 


needs 


Strepsi Is 


ANTISEPTIC LOZENGES 


Strepsils offer the following 
advantages in the local treatment 
of mouth and throat infections— 


e CONTAIN NO ANTIBIOTICS 
OR LOCAL ANAESTHETIC 


e RAPID BACTERICIDAL ACTION 
SOOTHING 
PROLONGED EFFECT 
NON-SENSITISING 
e VERY WIDE RANGE OF ACTIVITY 
NON-TOXIC 


ECONOMICAL 


Strepsils 


— are packed in vacuum sealed tins of 24 lozenye 


Basic N.H.S. Price 1/93 for 24 lozenges 


Literature <> further information ¢ladiy sent or 


request 


SD BOOTS PURE DRUG CO. LTD. 
NOTTINGHAM - ENGLAND 


Printed in England by Staples Printers Limited, at their Great Titchfield Street, London, establishment. 
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